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Genetic identification of residues involved in association 
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AB The GPA1, STE4 , and STE18 genes of Saccharomyces cerevisiae 

encode the alpha, beta, and gamma subunits, respectively, of a G protein 

involved in the mating response pathway. We have found that mutations 

G124D, W136G, W136R, and delta L138 and double 

mutations W136R L138F and W136G S151C of the 

Ste4 protein cause constitutive activation of the signaling 

pathway. The W136R L138F and W136G S151C mutant 

Ste4 proteins were tested in the two-hybrid protein association 
assay and found to be defective in association with the Gpal protein. A 
mutation at position E307 of the Gpal protein both suppresses the 
constitutive signaling phenotype of some mutant Ste4 proteins 
and allows the mutant alpha subunit to physically associate with a 
specific mutant G beta subunit. The mutation in the Gpal protein is 
adjacent to the hinge, or switch, region that is required for the 
conformational change which triggers subunit dissociation, but the 
mutation does not affect the interaction of the alpha subunit with the 
wild-type beta subunit. Yeast cells constructed to contain only the 
mutant 

alpha and beta subunits mate and respond to pheromones, although they 
exhibit partial induction of the pheromone response pathway. Because the 
ability of the modified G alpha subunit to suppress the Ste4 
mutations is allele specific, it is likely that the residues defined by 
this analysis play a direct role in G-protein subunit association. 
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AB The GPA1, STE4 , and STE18 genes of Saccharomyces cerevisiae 

encode the alpha, beta, and gamma subunits, respectively, of a G protein 

involved in the mating response pathway. We have found that mutations 

G124D, W136G, W136R, and delta L138 and double 

mutations W136R L138F and W136G S151C of the 

Ste4 protein cause constitutive activation of the signaling 

pathway. The W136R L138F and W136G S151C mutant 

Ste4 proteins were tested in the two-hybrid protein association 
assay and found to be defective in association with the Gpal protein. A 
mutation at position E307 of the Gpal protein both suppresses the 
constitutive signaling phenotype of some mutant Ste4 proteins 
and allows the mutant alpha subunit to physically associate with a 
specific mutant G beta subunit. The mutation in the Gpal protein is 
adjacent to the hinge, or switch, region that is required for the 
conformational change which triggers subunit dissociation, but the 
mutation does not affect the interaction of the alpha subunit with the 
wild-type beta subunit. Yeast cells constructed to contain only the 
mutant 

alpha and beta subunits mate and respond to pheromones, although they 
exhibit partial induction of the pheromone response pathway. Because the 
ability of the modified G alpha subunit to suppress the Ste4 
mutations is allele specific, it is likely that the residues defined by 
this analysis play a direct role in G-protein subunit association. 
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Priority Journals 
200104 
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0 Entered PubMed: 20010222 
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Survival of human vascular endothelial cells depends on their ability to 
activate the transcription factor nuclear f actor-kappaB (NF-kappaB) , a 
regulator of antiapoptotic genes, such as the X chromosome-linked 
. inhibitor of apoptosis protein (xIAP) . In the present study, we 
demonstrated expression of xIAP in the endothelial lining of normal human 
arteries and veins and elevated levels in highly malignant human 
endothelial tumors. Using retroviral infection of human endothelial 
cells, 

we identified two novel survival mechanisms mediated by xIAP in 
endothelial cells. First, xIAP can activate the transcription factor 
NF-kappaB, a known survival factor for human endothelial cells. This 
positive feedback loop induced by xIAP is mediated via 

phosphorylation and sustained degradation of inhibitor (I) kappaBalpha. 
Second, xIAP can inhibit cell proliferation via downregulation of cyclins 
A and Dl and induction of the cyclin-dependent kinase inhibitors 
p21 (Cipl/Waf 1) and p27(Kipl). Cleavage of xIAP by caspases during 
endothelial cell apoptosis disables both of these biological functions of 
xIAP. Thus, caspase-mediated cleavage of xIAP interrupts a 
positive regulatory cytoprotective loop between NF-kappaB and xIAP 
and increases the vulnerability of the cell to apoptosis by releasing it 
from an xIAP-mediated quiescent state. 
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Involvement of protein kinases in the potentiation of 
lipopolysaccharide-induced inflammatory mediator formation 
by thapsigargin in peritoneal macrophages. 
Chen B C; Hsieh S L; Lin W W 

Department of Pharmacology, College of Medicine, National 
Taiwan University, Taipei. 

JOURNAL OF LEUKOCYTE BIOLOGY, (2001 Feb) 69 (2) 280-8. 
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United States 

Journal; Article; (JOURNAL ARTICLE) 
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Entered Medline: 20010329 
We have explored the regulatory roles played by Ca2+-dependent signaling 
on lipopolysaccharide (LPS ) -induced nitric oxide (NO), prostaglandin E2 
(PGE2), tumor necrosis factor alpha (TNF-alpha) , and interleukin-6 (IL-6) 
release in mouse peritoneal macrophages. To elevate intracellular Ca2+, 

used thapsigargin (TG) and UTP. Although LPS alone cannot stimulate NO 
synthesis, co-addition with TG, which sustainably increased [Ca2+]i, 
resulted in NO release. UTP, via acting on P2Y6 receptors, can stimulate 
phosphoinositide (PI) turnover and transient [Ca2+]i increase, however, 
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did not possess the NO priming effect. LPS alone triggered the release of 
PGE2, TNF-alpha, and IL-6; all of which were potentiated by the presence 
of TG, but not of UTP. The stimulatory effect of LPS plus TG on NO 
release 



was inhibited j^the presence of Ro 31-8220, Go|fl&6, KN-93, PD 098059, or 
SB 203580, and^pblished by BAPTA/AM and nuclea^Bkctor kappaB 
(NF-kappaB) 

inhibitor, PDTC . PGE2, TNF-alpha, and IL-6 release by LPS alone were 
attenuated by Ro 31-8220, Go6976, PD 098059, SB 203580, and PDTC. Using 
L-NAME, soluble TNF-alpha receptor, IL-6 antibody, NS-398, and 
indomethacin, we performed experiments to understand the cross-regulation 
by the four mediators. The results revealed that TNF-alpha up-regulated 
NO, PGE2, and IL-6 synthesis; PGE2 up-regulated NO, but down-regulated 
TNF-alpha synthesis; and PGE2 and IL-6 mutually up-regulated 
reciprocally. 

Taken together, murine peritoneal macrophages required a sustained 
[Ca2+]i 

increase, which proceeds after TG, but not UTP, stimulation, to enhance 
LPS-mediated release of inflammatory mediators, particularly for NO 
induction. Activation of PKC-, ERK-, and p38 MAPK-dependent signaling 

also 

are essential for LPS action. The positive regulatory 
interactions among these mediators might amplify the 
inflammatory response caused by endotoxin. 
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DOCUMENT TYPE: Article 
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AB The recent characterization of human homologues of Toll may be the 
missing 

link for the transduction events leading to NF-kappaB activity and 
proinflammatory gene transcription during innate immune response. Indeed, 
CD14 is not thought to participate directly in the cell signaling, but 
rather one or more of the mammalian Toll-like receptors (TLRs) acts in 
concert with the lipopolysaccharide (LPS) receptor to discriminate 
between 

microbial pathogens or their products and initiate transmembrane 
signaling. Mammalian cells may express as many as 10 distinct TLRs, 
although the importance of TLR4 in response to gram-negative bacteria and 
LPS is now supported by the fact that TLR4-mutated mice are LPS 
resistant . 

We investigated the expression of TLR4 across the rat brain under basal 
conditions and in response to systemic LPS and IL-lbeta injection. We 
first cloned the rat TLR4 cDNA via RNA isolation and polymerase chain 
reaction (PCR) amplification with a proofreading polymerase. 
Total RNA was isolated from the rat liver tissue using Tri-Reagent and 
reverse transcribed into cDNA using Superscript II reverse transcriptase 
and an oligonucleotide primer with a degenerate 3' end of sequence 
5 ' -T12 (GAC) N-3 ' . Positive hybridization signal was found in the 
leptomeninges, choroid plexus (chp), subfornical organ, organum 
vasculosum 

of the lamina terminalis, median eminence, and area postrema. Scattered 
small cells also displayed a convincing hybridization signal within the 
brain parenchyma. Few well-defined nuclei exhibited positive 
TLR4 transcript: the supramamillary nucleus, cochlear nucleus, and the 
lateral reticular nucleus. The circumventricular organs, the 
leptomeninges, and chp also exhibited constitutive expression of the LPS 
receptor mCD14. In contrast to the strong up-regulation of the gene 



encoding mCD14^^ring endotoxemia, neither LPS ia^^ IL-lbeta caused a 
convincing ind^^e in the TLR4 mRNA levels acr^ the CNS . A 

down-regulation of the gene encoding TLR4 was found in the cerebral 
tissue 

of immune-challenged animals. The constitutive expression of both mCD14 
and TLR4 may explain the innate immune response in the brain, which 
originates from the structures devoid of blood-brain barrier in presence 
of circulating LPS. 
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CODEN: LEUKED ISSN: 0887-6924 
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AB Most chemotherapeutic drugs can induce tumor cell death by apoptosis. 
Analysis of the molecular mechanisms that regulate apoptosis has 
indicated that anticancer agents simultaneously activate several 

pathways 

that either positively or negatively regulate the death process. The 

main 

pathway from specific damage induced by the drug to apoptosis involves 
activation of caspases in the cytosol by pro-apoptotic molecules such as 
cytochrome c released from the mitochondrial intermembrane space. At 
least in some cell types, anticancer drugs also upregulate the 
expression 

of death receptors and sensitize tumor cells to their cognate ligands. 
The Fas-mediated pathway could contribute to the early steps of 
drug-induced apoptosis while sensitization to the cytokine TRAIL could 

be 

used to amplify the response to cytotoxic drugs. The Bcl-2 
family of proteins, that includes anti- and pro-apoptotic molecules, 
regulates cell sensitivity mainly at the mitochondrial level. Anticancer 
drugs modulate their expression (eg through p53-dependent gene 
transcription), their activity (eg by phosphorylating Bcl-2) and their 
subcellular localization (eg by inducing the translocation of specific 
BH3-only pro-apoptotic proteins). Very early after interacting with 

cells, anticancer drugs also activate lipid-dependent signaling pathways 
that either increase or decrease cell ability to die by apoptosis. In 
addition, cytotoxic agents can activate protective pathways that involve 
activation of NF. kappa. B transcription 

factor, accumulation of heat shock proteins such as Hsp27 and activation 
of proteins involved in cell cycle regulation. This review discusses how 
modulation of the balance between noxious and protective signals that 
regulate drug-induced apoptosis could be used to improve the efficacy of 
current therapeutic regimens in hematological malignancies. 

L7 ANSWER 5 OF 29 MEDLINE DUPLICATE 2 

ACCESSION NUMBER: 2001052198 MEDLINE 
DOCUMENT NUMBER: 20482106 PubMed ID: 11025338 

TITLE: Adenosine as a biological signal mediating sleepiness 

following prolonged wakefulness. 
AUTHOR: Basheer R; Porkka-Heiskanen T; Strecker R E; Thakkar M M; 

McCarley R W 

CORPORATE SOURCE: Neuroscience Laboratory, Department of Psychiatry, Harvard 

Medical School and VA Medical Center, Brockton, MA 02401, 



tumor 



CONTRACT NUMBER: 



SOURCE: 



PUB . COUNTRY: 



LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



(2000 Nov-Dec) 9 (6) 



R37 39, 683 (NIMH) 
MH01798-01 (NIMH) 

BIOLOGICAL SIGNALS AND RECEPTORS, 
319-27. Ref: 43 

Journal code: C4C. ISSN: 1422-4933. 
Switzerland 

Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 
(REVIEW, TUTORIAL) 
English 

Priority Journals 
200012 

Entered STN: 20010322 
Last Updated on STN: 20010322 
Entered Medline: 20001211 
AB Recent reports from our laboratory have shown that extracellular 
adenosine 

levels selectively increase in basal forebrain during prolonged 
wakefulness in cats and rats. Furthermore, microdialysis perfusion of 
adenosine into the basal forebrain (BF) increased sleepiness and 
decreased 

wakefulness in both the species, whereas perfusion of the 
A ( 1) -receptor-selective antagonist, cyclopentyl-1, 3-dimethylxanthine 
resulted in increased wakefulness, an observation similar to that found 
with caffeine or theophylline administration. The selective participation 
of the A(l) subtype of the adenosine receptor in mediating the effects of 
adenosine in the BF was further examined by the technique of single unit 
recording performed in conjunction with microdialysis perfusion of 
selective agonists and antagonists. Perfusion of the A(l) agonist 
cyclohexyladenosine, inhibited the activity of wake-active neurons in the 
basal forebrain. The effect of prolonged wakef ulness-induced increases in 
adenosine levels were further investigated by determining the changes in 
the BF in the levels of A(l) receptor binding and the levels of its mRNA . 
We observed that A(l) receptor mRNA levels increase after 6 h of sleep 
deprivation. One of the transcription factors that showed increased 
DNA-binding activity was nuclear factor kappaB (NF-kappaB) and may 
regulate the expression of A(l) mRNA. We observed, using a gel shift 
assay, that the DNA-binding activity of NF-kappaB increased following 3 h 
of sleep deprivation. This was further supported by the increased 
appearance of NF-kappaB protein in the nuclear extracts and the 
consequent 

disappearance of cytoplasmic protein inhibitor kappaB (I-kappaB) . 
Together 

our results reviewed in this report suggest that the somnogenic effects 

of 

adenosine in the BF area may be mediated by the A(l) subtype of adenosine 
receptor, and its expression might be regulated by induction in the 
NF-kappaB protein as its transcription factor. This positive 
feedback might mediate some of long-duration effects of sleep 
deprivation, including 'sleep debt 1 . 
Copyright 2000 S. Karger AG, Basel 
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The vasopressor angiotensin II (All) activates transcriptional expression 
of its precursor, angiotensinogen. This biological "positive 
feedback loop" occurs through an angiotensin receptor-coupled 
pathway that activates a multihormone-responsive enhancer of the 
angiotensinogen promoter, termed the acute-phase response element (APRE) . 
Previously, we showed that the APRE is a cytokine [tumor necrosis 
factor-alpha (TNFalpha)]- inducible enhancer by binding the heterodimeric 
nuclear f actor-kappaB (NF-kappaB) complex Rel A x NF-kappaBl. Here, we 
compare the mechanism for NF-kappaB activation by the All agonist, Sari 
All, with TNFalpha in HepG2 hepatocytes . Although Sari All and TNFalpha 
both rapidly activate APRE-driven transcription within 3 h of treatment, 
the pattern of inducible NF-kappaB binding activity in electrophoretic 
mobility shift assay is distinct. In contrast to the TNFalpha mechanism, 
which strongly induces Rel A x NF-kappaBl binding, Sari All selectively 
activates a heterogenous pattern of NF-kappaBl binding. Using a two-step 
microaf finity DNA binding assay, we observe that Sari All recruits 50-, 
56-, and 96-kDa NF-kappaBl isoforms to bind the APRE. Binding of all 

NF-kappaBl isoforms occurs independently of changes in their nuclear 
abundance or proteolysis of cytoplasmic IkappaB inhibitors. Phorbol 
ester-sensitive protein kinase C (PKC) isoforms are required because PKC 
down-regulation completely blocks All-inducible transcription and 
inducible NF-kappaBl binding. We conclude that All stimulates the 
NF-kappaB transcription factor pathway by activating latent DNA-binding 
activity of NF-kappaB subunits through a phorbol ester-sensitive 
( PKC-dependent ) mechanism . 
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used 



India and to d|^piine the prevalent subtype. S^fe' DESIGN/METHODS: 
Analysis of th^P LTR was conducted from 28 HIV^f>ositive 

samples: 1992-1993 (Pune, New Delhi) and 1995-1996 (Pune, Mumbai and 
Vellore) . Genomic DNA was extracted from cocultivated peripheral blood 
mononuclear cells (PBMCs) and used for polymerase chain reaction (PCR) 
amplification and sequencing using dye terminator chemistry. 
Sequences were edited, aligned, and analyzed phylogenetically utilizing 
gap-stripped and bootstrapping parameters. Mobility shift assays were 

to confirm binding activity. RESULTS: All nucleotide sequences were HWV-1 
subtype C based on phylogenetic analysis. The isolates from Pune/Delhi 
formed subclusters when analyzed separately, irrespective of time or 
sample source. However, no significant subclustering was observed with 
isolates from Mumbai or Vellore or with the entire sample set when 
analyzed collectively. Subtype-specific enhancer analysis revealed an 
expected third NF-kappaB site but also revealed six isolates with 
insertions and deletions not previously described, one of which resembles 
an AP-1 binding site. CONCLUSIONS: The results confirm the prevalence of 
HIV-1C and suggest increasingly complex phylogeny of HIV-1C within India, 
such that the previously observed subclustering may no longer adequately 
reflect the diversity of isolates currently circulating throughout India. 
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AB The level of ongoing HIV-1 replication within an individual is critical 



to 



TNF 



that 



of 



HIV-1 pathogenesis. Among host immune factors, the cytokine TNF-alpha has 
previously been shown to increase HIV-1 replication in various monocyte 
and T cell model systems. Here, we demonstrate that signaling through the 
TNF receptor family member, the lymphotoxin-beta (LT-beta) receptor 
(LT-betaR) , also regulates HIV-1 replication. Furthermore, HIV-1 
replication is cooperatively stimulated when the distinct LT-betaR and 

receptor systems are simultaneously engaged by their specific ligands. 
Moreover, in a physiological coculture cellular assay system, we show 

membrane-bound TNF-alpha and LT-alphalbeta2 act virtually identically to 
their soluble forms in the regulation of HIV-1 replication. Thus, 
cosignaling via the LT-beta and TNF-alpha receptors is probably involved 
in the modulation of HIV-1 replication and the subsequent determination 

HIV-1 viral burden in monocytes. Intriguingly, surface expression of 
LT-alphalbeta2 is up-regulated on a T cell line acutely infected with 
HIV-1, suggesting a positive feedback loop between 

HIV-1 infection, LT-alphalbeta2 expression, and HIV-1 replication. Given 
the critical role that LT-alphalbeta2 plays in lymphoid architecture, we 



speculate that J^^-alphalbeta2 may be involved ij^fcjfV-associated 

abnormalities a^fthe lymphoid organs. 
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Nitric oxide (NO) is emerging as a key regulator of gene expression, 
capable of playing either positive or negative roles. The 
results of this study indicate that NO exerts a dual effect on 
cyclooxygenase-2 (COX-2) expression in human mesangial cells (HMC) . 
Treatment of HMC with NO synthase inhibitors attenuated interleukin-lbeta 
(IL-lbeta/tumor necrosis factor-alpha (TNF-alpha) -elicited COX-2 protein 
and mRNA expression, suggesting a positive role of endogenous NO 
on COX-2 induction. However, NO donors (sodium nitroprusside [SNP] and 
S-nitroso-N-acetylpenicillamine [SNAP] ) amplified 

cytokine-elicited COX-2 expression at early time points of treatment (up 
to 8 h for mRNA and up to 24 h for protein expression) , but were 
inhibitory at later times. Oligonucleotide decoy experiments confirmed 

importance of nuclear factor kappaB (NF-kappaB) activation for COX-2 
induction by IL-lbeta/TNF-alpha . Treatment with N (G) -nitro-L-arginine 
methyl ester (L-NAME ) did not affect initial activation of NF-kappaB by 
IL-lbeta/TNF-alpha, but unveiled an inhibitory effect of NO generation on 
NF-kappaB activity after 4 h. In HMC supplemented with SNP, 
cytokine-induced NF-kappaB activation was potentiated at early times of 
induction (5 to 15 min) , but inhibited at later times (1 to 4 h) , 
suggesting a dual effect of NO donors on NF-kappaB activation. 
Interestingly, IkappaBalpha protein levels followed a reciprocal pattern 
of expression: IkappaBalpha levels were lower at early times of induction 
in NO donor-supplemented cells; however, after 1 h of treatment, 
IkappaBalpha levels became higher than in cells treated only with 
cytokines. In the presence of SNP, cytokine-elicited IkappaBalpha mRNA 
induction was initially delayed, but was amplified at later 
times. These changes in IkappaBalpha expression could contribute to the 
dual effects of NO donors on NF-kappaB activation and COX-2 expression in 
HMC. 
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AB Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized 
by persistent joint swelling and progressive destruction of cartilage and 
bone. Current RA treatments are largely empirical in origin and their 
precise mechanism of action is uncertain. Increasing evidence shows that 
chronic inflammatory diseases such as RA are caused by prolonged 
production of proinflammatory cytokines including tumor necrosis factor 
(TNF) and interleukin 1 (IL-1) . The nuclear factor kappaB (NF-kappaB) 
plays an essential role in transcriptional activation of TNF and IL-1. 
NF-kappaB is induced by many stimuli including TNF and IL-1, forming a 
positive regulatory cycle that may amplify and maintain 

RA disease process. NF-kappaB and enzymes involved in its activation can 
be a target for anti-inflammatory treatment. Aspirin and sodium 
salicylate 

inhibit activation of NF-KB by blocking IkappaB kinase, a key enzyme in 
NF-kappaB activation. Glucocorticoids suppress expression of inflammatory 
genes by binding glucocorticoid receptor with NF-kappaB, and increasing 
expression of inhibitory protein of NF-kappaB, I kappaBalpha . 
Sulfasalazine 

and gold compounds also inhibit NF-kappaB activation. Continuing advances 
in our understanding of action mechanism of antirheumatic agents will 
benefit the future development of RA regimens with greater efficacy and 
less toxicity. 
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AB Recent evidence has implicated proinflammatory mediators such as 
TNF-alpha 

in the pathophysiology of ischemia-reperf usion (I/R) injury. Clinically, 
serum levels of TNF-alpha are increased after myocardial infarction and 
after cardiopulmonary bypass. Both cardiopulmonary bypass and renal 
ischemia-reperf usion injury induce a cascade of events leading to 
cellular 

damage and organ dysfunction. Tumor necrosis factor (TNF), a potent 
proinflammatory cytokine, is released from both the heart and the kidney 
in response to ischemia and reperf usion. TNF released during 
cardiopulmonary bypass induces glomerular fibrin deposition, cellular 
infiltration, and vasoconstriction, leading to a reduction in glomerular 
filtration rate (GFR) . The signaling cascade through which renal 
ischemia-reperf usion induces TNF production is beginning to be 
elucidated. 

Oxidants released following reperfusion activate p38 mitogen-activated 
protein kinase (p38 MAP kinase) and the TNF transcription factor, 
x NFkappaB, leading to subsequent TNF synthesis. In a positive 

feedback, proinflammatory fashion, binding of TNF to specific TNF 
membrane receptors can reactivate NFkappaB. This provides a mechanism by 
which TNF can upregulate its own expression as well as facilitate the 
expression of other genes pivotal to the inflammatory response. Following 
its production and release, TNF results in both renal and myocardial 



apoptosis and g^function. An understanding of ^fese mechanisms may allow 
the adjuvant u^^>f anti-TNF therapeutic strategBrs in the treatment of 
renal injury. The purposes of this review are: (1) to evaluate the 
evidence which indicates that TNF is produced by the heart following 
cardiopulmonary bypass; (2) to examine the effect of TNF on myocardial 
performance; (3) to outline the mechanisms by which the kidney produces 
significant TNF in response to ischemia and reperfusion; (5) to 
investigate the role of TNF in renal ischemia-reperf usion injury, (6) to 
describe the mechanisms of TNF-induced renal cell apoptosis, and (7) to 
suggest potential anti-TNF strategies designed to reduce renal 
insufficiency following cardiac surgery. 
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AB The Epstein-Barr virus (EBV) is the causative agent of infectious 

mononucleosis and is implicated in the development of several human 
malignancies. Latent membrane protein 1 (LMP1), an EBV protein with known 
oncogenic properties, may be important in the pathogenesis of 
EBV-associated tumors, particularly nasopharyngeal carcinoma (NPC) and 
Hodgkin's disease (HD) . Several reports suggested that sequence 
variations 

in the LMP1 gene may define a more aggressive, geographically restricted 
EBV-genotype . Most mutations in the LMP1 gene described are located 
within 

the C-terminus of the protein. However, the effect of these mutations on 
the biological function of the protein remains widely unknown. Therefore, 
this study aimed in investigating whether mutations detected in LMP1 

genes 

isolated from different EBV-positive carriers have an effect on 

the biological function of the protein. For this purpose the LMP1 genes 

were amplified by nested PCR from DNA out of bone marrow and 

peripheral blood lymphocytes and sequenced. Three functional assays were 

performed in order to evaluate the biological activity of the different 

isolates: activation of the transcription factors NF-kappaB and AP-1 as 

well as the anchorage independent growth of LMP1 transfected rati cells 

in 

soft agar. The results suggested that whereas differences in the 
activation of NF-kappaB through the various LMP1 isolates correlated 
tightly with their different expression levels, the outgrowth of 
transfected cells in soft agar did not and the transcription factor 
NF-kappaB therefore appeared not to be the major effector for the 
transformation of the rodent cell line rati by LMP1 . The various 
LMPl-isolates also differed in their capacity in activating the 
transcription factor AP-1. We found no correlation between the 
transforming ability of the LMPI isolates and activation of AP-1 
suggesting that other so far uncharacterized domains also influence the 
transforming ability of the protein. 
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AB Osteoprotegerin (OPG) /osteoclastogenesis inhibitory factor (OCIF) is a 
recently identified cytokine that belongs to the tumor necrosis factor 
receptor superfamily and regulates bone mass by inhibiting osteoclastic 
bone resorption. The present study was undertaken to determine whether 
OPG/OCIF is produced in bone microenvironment and how the expression is 
regulated. A transcript for OPG/OCIF at 3 . 1 kilobases was detected in 



bone 



the 
The 



marrow stromal cells (ST2 and MC3T3-G2/PA6 ) as well as in osteoblastic 
cells (MC3T3-E1) . Transforming growth factor-betal (TGF-betal) markedly 
increased the steady-state level of OPG/OCIF mRNA in a dose-dependent 
manner, while TGF-betal suppressed the mRNA expression of tumor necrosis 
factor-related activation-induced cytokine (TRANCE) /receptor activator oj 
NF-kappaB ligand (RANKL) , a positive regulator of 

osteoclastogenesis to which OPG/OCIF binds. The effect of TGF-betal on 
expression of OPG/OCIF mRNA was transient, with a peak level at 3-6 h. 



up-regulation of OPG/OCIF mRNA by TGF-betal in ST2 cells did not require 
de novo protein synthesis and involved both a transcriptional and a 
post-transcriptional mechanism. Western blot analysis and an 
enzyme-linked 

immunosorbent assay revealed that TGF-betal significantly increased the 
secretion of OPG/OCIF protein by ST2 cells at 6-24 h. In murine bone 
marrow cultures, TGF-betal markedly inhibited the formation of 
tartrateresistant acid phosphatase-positive multinucleated 
osteoclast-like cells in the presence of 1 , 25-dihydroxyvitamin D3, whose 
effect was significantly reversed by a neutralizing antibody against 
OPG/OCIF. These results suggest that TGF-betal negatively regulates 
osteoclastogenesis, at least in part, through the induction of OPG/OCIF 

by 

bone marrow stromal cells and that the balance between OPG/OCIF and 
TRANCE /RANKL in local environment may be an important determinant of 
osteoclastic bone resorption. 
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AB PURPOSE: Despite assertive investigation in the last 2 decades, 

interstitial cystitis remains an unresolved problem in clinical urology, 
and its etiology and the mechanisms involved in its pathogenesis are 

still 



a matter of corg^ture. Recently nuclear factor ^fc) -KB has been 
implicated in o^^nic inflammatory diseases, ancWi thought to be a key 
regulator of genes involved in response to infection, inflammation and 
stress. We document the presence, pattern and distribution of NF-kappaB 

in 

bladder biopsies from patients with interstitial cystitis. MATERIALS AND 
METHODS: Bladder biopsies from 7 women clinically diagnosed with 
interstitial cystitis according to National Institute for Diabetes and 
Digestive and Kidney Diseases criteria and 5 women diagnosed with urinary 
incontinence were used for immunohistochemical localization of p65, an 
NF-kappaB subunit . RESULTS: Our immunohistochemical localization 
experiments indicate that NF-kappaB was predominantly activated in 
bladder 

urothelial cells and cells of the submucosal layer in biopsies from 
patients with interstitial cystitis compared to controls. While 
activation 

was evident by intense nuclear localization of NF-kappaB in all 
interstitial cystitis specimens, diffuse and faint immunostaining was 
observed in control samples. The results also indicate that activation of 
NF-kappaB correlated with disease occurrence. CONCLUSIONS: The fact that 
NF-kappaB is capable of transactivating pro-inflammatory mediators, which 
in turn can amplify NF-kappaB activation by a positive 

regulatory loop, suggests that inflammatory and/or immune responses in 
interstitial cystitis can be exacerbated possibly by persistent 
activation 

of this nuclear factor. We believe that our study provides a novel basis 
for investigating the role of NF-kappaB activation in the pathophysiology 
of interstitial cystitis and further opens a frontier for the development 
of an innovative therapeutic approach to interstitial cystitis. 
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AB Cyclooxygenases catalyze a rate-limiting step in the synthesis of 
vascular 



endothelial prM^glandins . Expression of the ij^fcrible cyclooxygenase-2 
(COX-2) gene i^Jicreased by hypoxia in human vlKilar endothelial cells 
via the nuclear factor (NF)-kappaB p65 transcription factor, which is 
necessary but not sufficient to fully induce COX-2 transcription in 
response to hypoxia. After finding that cytoplasmic NF-kappaB p65 and 
IkappaBalpha (an inhibitory protein that binds NF-kappaB p65 precursors) 
levels are not changed by hypoxia, we hypothesized that other factors 
might play a role in regulating the COX-2 promoter, like the 
high-mobility-group (HMG) I (Y) family of proteins, which features 
multiple 

A.T hooks andis associated with NF-kappaB-mediated transactivation . 
Nuclear protein obtained from human umbilical vein endothelial cells 
(HUVECs) was supplemented with HMG I (Y) during electrophoretic mobility 
shift assays using an NF-kappaB-3' element probe. These data suggested 
that HMG I(Y) proteins interact with NF-kappaB p65 to induce COX-2 
promoter activity. We also found that TATA-box DNA demonstrated increased 
electrophoretic shifting indicative of DNA binding after incubation with 
either hypoxic HUVEC nuclear protein or normoxic nuclear protein 
supplemented with HMG I(Y). Transfection of HUVECs with an expression 
vector containing the COX-2 promoter ligated to HMG I (Y) cDNA 
demonstrated 

positive feedback on COX-2 promoter activity in hypoxia. 

We confirmed that COX-2 is transcriptionally regulated by hypoxia using a 
nuclear runoff assay. Hypoxia increased steady-state cellular levels of 
HMG I(Y) mRNA as an early event, corresponding with increases in HMG I (Y) 
protein. Overexpression of HMG I(Y) was associated in a dose-response 
relationship with increasing prevalence of the COX-2 protein in hypoxic 
HUVECs. Furthermore, sense (and antisense) HMG I (Y) overexpression caused 
stimulation (or inhibition) of COX-2 promoter activity as measured by 
luciferase reporter gene expression. The physiological significance of 
these findings was demonstrated by cyclooxygenase-dependent release of 
prostaglandin E2 by HUVECs in hypoxia. We concluded that hypoxia 
increases 

expression of HMG I(Y) proteins while facilitating transactivation of the 
COX-2 promoter. The HMG I(Y) family of proteins may therefore function as 
part of a hypoxia-induced enhanceosome that helps to promote 
transcription 
of COX-2. 



L7 ANSWER 17 OF 2 9 MEDLINE 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



DUPLICATE 7 



1998230439 MEDLINE 
98230439 PubMed ID: 9570512 

Human immunodeficiency virus type 1 long terminal repeat 
quasispecies differ in basal transcription and nuclear 
factor recruitment in human glial cells and lymphocytes. 
Krebs F C; Mehrens D; Pomeroy S; Goodenow M M; Wigdahl B 
Department of Microbiology and Immunology, The 

State University College of Medicine, Hershey 17033, USA. 
NS 27405 (NINDS) 
NS 32092 (NINDS) 
R01 HL58005 (NHLBI) 

JOURNAL OF BIOMEDICAL SCIENCE, (1998) 5 (1) 31-4 4. 
Journal code: C2K; 9421567. ISSN: 1021-7770. 
Switzerland 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199805 

Entered STN: 19980529 
Last Updated on STN: 19980529 
Entered Medline: 19980521 
AB The generation of genomic diversity during the course of infection has 
the 

potential to affect all aspects of HIV-1 replication, including 
expression 

of the proviral genome. To gain a better understanding of the impact of 
long terminal repeat (LTR) sequence diversity on LTR-directed gene 
expression in cells of the central nervous system (CNS) and immune 
system, 
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we amplified anj^loned LTRs from proviral DNA i^fclV-l-inf ected 

peripheral bloc^Sequence analysis of nineteen WTs cloned from 2 adult 
and 3 pediatric patients revealed an average of 33 nucleotide changes 
(with respect to the sequence of the LAI LTR) within the 455-bp U3 
region. ^ 

Transient expression analyses in cells of neuroglial and lymphocytic 
origin demonstrated that some of these LTRs had activities which varied 
significantly from the LAI LTR in U-373 MG cells (an astrocytoma cell 
line) as well as in Jurkat cells (a CD4-positive lymphocyte cell 
line) . While LTRs which demonstrated the highest activities in U-373 MG 
cells also yielded high activities in Jurkat cells, the LTRs were 
generally more active in Jurkat cells when compared to the LAI LTR 
Differences in LTR sequence also resulted in differences in transcription 
factor recruitment to cis-acting sites within the U3 region of the LTR 

as 

demonstrated by electrophoretic mobility shift assays. In particular, 
naturally occurring sequence variation impacted transcription factor 
binding to an activating transcription factor/cAMP response element 
binding (ATF/CREB) binding site (located between the LEF-1 and distal 
NF-kappaB transcription factor binding sites) that we identified in 
previous studies of the HIV-1 LTR. These findings suggest that LTR 
sequence changes can significantly affect basal LTR function and 
transcription factor recruitment, which may, in turn, alter the course of 
viral replication in cells of CNS and immune system origin. 
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Infection of cattle with the protozoan Theileria parva results in 
uncontrolled T lymphocyte proliferation resulting in lesions resembling 
multicentric lymphoma. Parasitized cells exhibit autocrine growth 
characterized by persistent translocation of the transcriptional 
regulatory factor nuclear factor kappaB (NFkappaB) to the nucleus and 
consequent enhanced expression of interleukin 2 and the interleukin 2 
receptor. How T. parva induces persistent NFkappaB activation, required 
for T cell activation and proliferation, is unknown. We hypothesized that 
the parasite induces degradation of the IkappaB molecules which normally 
sequester NFkappaB in the cytoplasm and that continuous degradation 
requires viable parasites. Using T. parva-inf ected T cells, we showed 

the parasite mediates continuous phosphorylation and proteolysis of 
IkappaBalpha. However, IkappaBalpha reaccumulated to high levels in 
parasitized cells, which indicated that T. parva did not alter the normal 
NFkappaB-mediated positive feedback loop which 

restores cytoplasmic IkappaBalpha. In contrast, T. parva mediated 
continuous degradation of IkappaBbeta resulting in persistently low 
cytoplasmic IkappaBbeta levels. Normal IkappaBbeta levels were only 
restored following T. parva killing, indicating that viable parasites are 
required for IkappaBbeta degradation. Treatment of T. parva-inf ected 

with pyrrolidine dithiocarbamate, a metal chelator, blocked both IkappaB 



AB 



that 



cells 



onsequent enhanced expression ^^IFkappaB dependent 



degradation ant 

genes Howeverfeatment using the antioxidant Wcetylcysteine had no 
effect on eithSTlkappaB levels or NFkappaB activation, indicating that 
the parasite subverts the normal IkappaB regulatory pathway downstream of 
the requirement for reactive oxygen intermediates. Identification of the 
critical points regulated by T. parva may provide new approaches for 
disease control as well as increase our understanding of normal T cell 
function . 
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AB Members of the NF-kappaB/Rel and inhibitor of apoptosis (IAP) protein 
prevent ^ 6 implicated in si gnal transduction programs that 

cell death elicited by the cytokine tumor necrosis factor alpha (TNF) 
Although NF-kappaB appears to stimulate the expression of specific 
protective genes, neither the identities of these genes nor the precise 
role of IAP proteins in this anti-apoptotic process are known. We 
demonstrate here that NF-kappaB is required for TNF-mediated induction of 
Tnoo^ ! ncodin 9 human C-IAP2. When overexpressed in mammalian cells, 
r.no actlvates NF-kappaB and suppresses TNF cytotoxicity. Both of these 
^J^L^K 1 ^ 63 blocked in vivo b y coexpressing a dominant form of 

IkappaB that is resistant to TNF-induced degradation. In contrast to 

np tl n °~l AP l' a w Utant lackin 9 the C-terminal RING domain inhibits 
NF-kappaB induction by TNF and enhances TNF killing. These findinas 
suggest that C-IAP2 is critically involved in TNF signaling and exerts 
positive feedback control on NF-kappaB via an IkappaB 

!! rg ^ ng mechanisrrK functional coupling of NF-kappaB and C-IAP2 during 
the TNF response may provide a signal amplification loop that 
promotes cell survival rather than death. 
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Tumor necrosis 
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factor (TNF) -alpha and platelet-activating factor (PAF) 



important mediators of inflammatory reactions, and their release is 
controlled by a positive feedback network. However, 
the regulatory mechanisms underlying the interaction of these two 
molecules are unknown. Within 10 min of the injection of 

lipopolysaccharide (LPS) into C57BL/6 mice, effects inducible by PAF such 
as anaphylactic shock-like symptoms, disseminated intravascular 
coagulation, and hemorrhage in renal medullae were observed, and all 

these 

pathological changes were prevented by the PAF antagonist, BN 50739. The 
plasma level of PAF after LPS injection reached a peak at 5 min. 
TNF-alpha 

gene expression was evident 20 min after LPS injection and was maximal at 
40 min, and the level of serum TNF-alpha reached a peak at 1 h. 
Pretreatment with BN 50739 inhibited LPS-induced TNF-alpha gene 
expression 

and protein synthesis in a dose-dependent manner. Injection of PAF or 
treatment of the macrophage cell line, J774A.1, with PAF activated the 
transcription factor, nuclear factor (NF) -kappa 

B, which is essential for inducible TNF-alpha transcription. The 
activation of NF-kappa B by PAF preceded the 

LPS-mediated TNF-alpha gene expression. Pretreatment with BN 50739 
inhibited LPS-induced mobilization of NF-kappa 

B in a dose-dependent manner in vivo as well as in vitro. These 
data suggest that PAF, which is released immediately or shortly after LPS 
injection, induces the expression of TNF-alpha through the activation of 
NF-kappa B. 
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of the nuclear factor (NF) -kappaB/Rel family transcription 



185 (11) 



AB Members 
factors 

are induced during thymic selection and in mature T lymphocytes after 
ligation of the T cell antigen receptor (TCR) . Despite these findings, 
disruption of individual NF- kappaB/Rel genes has revealed no intrinsic 
defect in the development of mature T cells, perhaps reflecting 
functional 

redundancy. To circumvent this possibility, the T cell lineage was 
targeted to express a trans-dominant form of IkappaBalpha that 
constitutively represses the activity of multiple NF- kappaB/Rel proteins. 



Transgenic cellj^^pressing this inhibitor exhibi^fca significant 
proliferative d^^ct, which is not reversed by t^^eddition of exogenous 
interleukin-2 . Moreover, mitogenic stimulation of splenocytes leads to 
increased apoptosis of transgenic T cells as compared with controls. In 
addition to deregulated T cell growth and survival, transgene expression 
impairs the development of normal T cell populations as evidenced by 
diminished numbers of TCRhi CD8 single-positive thymocytes. This 
defect was significantly amplified in the periphery and was 
accompanied by a decrease in CD4 (+) T cells. Taken together, these in 

vivo 

findings indicate that the NF-kappaB/Rel signaling pathway contains 
compensatory components that are essential for the establishment of 
normal 

T cell subsets. 
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Interleukin 6 (IL-6), a cytokine produced by skeletal cells, stimulates 
osteoclast recruitment. The IL-6 soluble receptor (sIL-6R) increases IL-6 
activity, and IL-6 and sIL-6R levels are increased in conditions of 
increased bone resorption. We examined the production of IL-6 by primary 
rat osteoblasts (Ob cells) cultured in the presence of IL-6 and sIL-6R. 
IL-6 alone did not induce IL-6 transcripts, but IL-6 was stimulatory in 
the presence of sIL-6R. Furthermore, sIL-6R by itself increased IL-6 
transcripts. Cycloheximide superinduced IL-6 transcripts and did not 
prevent the effect of IL-6 and sIL-6R. IL-6 in the presence of sIL-6R 
stimulated IL-6 rates of transcription and the activity of IL-6 promoter 
fragments in transiently transfected Ob cells. 5* deletions of the IL-6 
promoter and targeted mutations of the multiple response element 
(MRE) / cAMP responsive element (CRE) , the nuclear factor for IL-6 
(NF-IL-6) , and the nuclear f actor-kappaB (NF-kappaB) binding sites 
indicated that NF-IL-6 and NF-kappaB, in combination with MRE/CRE, 
binding 

sites are required for the induction of the IL-6 promoter by IL-6. 
conclusion, IL-6 induces its own synthesis in osteoblasts by 
transcriptional mechanisms. This positive feedback may 
be important in conditions of increased bone resorption. 
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AB The interleukin 2 receptor alpha-chain ( IL-2R-alpha ) gene is a key 

regulator of lymphocyte proliferation. IL-2R-alpha is rapidly and 
potently 

induced in T cells in response to mitogenic stimuli. Interleukin 2 (IL-2) 
stimulates IL-2R-alpha transcription, thereby amplifying 

expression of its own high-affinity receptor. IL-2Ra. transcription is at 

least in part controlled by two positive regulatory regions, 

PRRI and PRRII. PRRI is an inducible proximal enhancer, located between 

nucleotides -27 6 and -244, which contains NF-kappa- 

B and SRE/CArG motifs. PRRII is a T-cell-specif ic enhancer, 

located between nucleotides -137 and -64, which binds the T-cell-specif ic 

Ets protein Elf-1 and HMG-I (Y) proteins. However, none of these proximal 

regions account for the induction of IL-2R-alpha transcription by IL-2. 

To 

find new regulatory regions of the IL-2R-alpha gene, 8.5 kb of the 5' end 
noncoding sequence of the IL-2R-alpha gene have been sequenced. We 
identified an 86-nucleotide fragment that is 90% identical to the 
recently 

characterized murine IL-2-responsive element (mIL-2rE) . This putative 
human IL-2rE, designated PRRIII, confers IL-2 responsiveness on a 
heterologous promoter. PRRIII contains a Stat protein binding site that 
overlaps with an EBS motif (GASd/EBSd) . These are essential for IL-2 
inducibility of PRRIII/CAT reporter constructs. IL-2 induced the binding 
of StatSa and b proteins to the human GASd element. To confirm the 
physiological relevance of these findings, we carried out in vivo 
footprinting experiments which showed that stimulation of IL-2R-alpha 
expression correlated with occupancy of the GASd element. Our data 
demonstrate a major role of the GASd/EBSd element in IL-2R-alpha 
regulation and suggest that the T-cell-specif ic Elf-1 factor can serve as 
a transcriptional repressor. 
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AB This article demonstrates that human immunodeficiency virus type 1 
(HIV-1) 

gpl20 amplifies the activity of tumor necrosis factor alpha 
(TNF-alpha), a cytokine that stimulates HIV-1 replication through 
activation of NF-kappa B. In CD4- 

positive Jurkat cells, gpl20 potentiates TNF-induced NF- 
kappa B activation. TNF-mediated activation of 
NF-kappa B is known to involve the 

intracellular formation of reactive oxygen intermediates (ROIs) . 
Accordingly, we examined the influence of gpl20 on the cellular redox 
state. We found that gp 120-modulated TNF-induced NK-kappa B activation 
was inhibited by the antioxidant butylated hydroxyanisole, indicating the 
involvement of redox-dependent mechanisms. In addition, we showed that 
gpl20 induces intracellular formation of hydrogen peroxide, which is 
accompanied by a decrease in the ratio of glutathione to glutathione 



disulfide. In jMtrast, in the p561ck-def icient^kCaMl . 6 T cell line, a 
derivative of Jurkat cell line, gpl20 was u^^Le to stimulate 

hydrogen 

peroxide, to decrease the ratio of GSH to GSSG, and has no effect on 
TNF-induced NF-kappa B activation. This 

demonstrated that p561ck protein tyrosine kinase plays an active role in 
transmitting a signal that increases the oxidative state of the cell and 
as a consequence amplifies TNF-mediated NF- 
kappa B DNA binding. We have demonstrated that Tat 

protein decreased both the Mn-dependent superoxide dismutase (MnSOD) and 
the cellular glutathione content (GSH) . Here we show that, in contrast to 
Tat, gpl20 is unable to inhibit activity and expression of MnSOD and to 
decrease GSH content. Taken together, our data suggest that gp!20 
potentiates TNF-induced NF-kappa B 

activation by stimulating a signal pathway that involves p561ck and the 
increased formation of reactive oxygen intermediates such as H202 . These 
findings may be relevant for the regulation of HIV-1 replication in T 
cells . 
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AB The renin-angiotensin system controls blood pressure through the 
enzymatic 

production of the vasopressor angiotensin II (All) from the 
angiotensinogen (AGT) precursor. Intravascular All production stimulates 
de novo synthesis of its precursor in a positive 

feedback loop through increased gene expression. In this study, we 
investigate the effects of All on AGT gene expression. At nanomolar 
concentrations, All activates transcription of the native AGT gene; this 
region is mapped to the AGT gene multihormone-inducible enhancer (-615 to 
-470) . Within the multihormone-inducible enhancer, site-directed 
mutations 

of the acute-phase response element (APRE) that interfere with nuclear 
factor- kappa B (NF-kappa B) transcription 

factor binding also abolish All responsiveness. The APRE functions as a 
rapidly inducible All-inducible enhancer with peak reporter activity 
detected after a 4-h stimulation; this effect occurs only when the type 1 
All receptor is expressed. All induces sequence-specific NF-KB binding to 
the APRE in HepG2 nuclear extracts. Moreover, All infusions of primary 



rat 



hepatocyte cultures produces a rapid 4-fold increase in sequence-specific 
NF-kappa B binding to the APRE. Antibodies 

against the transcriptional activator subunit, Rel A, quantitatively 
supershift the nucleoprotein complex, whereas antibodies to other 
NF-kappa B members do not, demonstrating that 

Rel A APRE-binding activity is All-inducible . Transient overexpression of 
Rel A (1-551) activates the AGT multihormone-inducible enhancer. 
All-inducible domains of Rel A were mapped by cotransf ecting a chimeric 



GAL4 -Rel A fus^^protein with a reporter gene obtaining GAL4-binding 
sites. GAL4-Re!^J[ 1-551 ) was an All-inducible tr^Plactivator . Deletion of 
the NH (2) -terminal 254 amino acids of Rel A produces a constitutive 
transactivator, indicating that Rel A is activated by All in a manner 
dependent on its NH(2) terminus. These studies define one mechanism for 
the renin-angiotensin system positive feedback loop in 
hepatocyctes . 
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AB The role of NF-kappa B-dependent signals in 

activating the transcriptional activity of the HIV regulatory region 

(LTR) 

was analyzed by systematic comparison of HIV LTR activity in human CD4 T 
cells purified from peripheral blood and a transformed lymphoblastoid T 
cell line. In normal CD4 T cells we also analyzed the role played by the 
viral kappa B responsive elements in HIV replication. Analysis of nuclear 
extracts of resting, normal T lymphocytes revealed the presence of the 
p50, but not the p65, NF-kappa B subunit and 
the induction by phorbol esters of bona fide (p50-p65) NF- 
kappa B complexes. In parallel, we observed clear 

enhancer-dependent HIV LTR transactivation comparable in intensity with 
that observed in lymphoblastoid cells. We show that unstimulated CD4 T 
lymphocytes offer a cellular environment of very low permissivity to HIV 
LTR functioning. This was in sharp contrast to the high spontaneous LTR 
activity observed in lymphoblastoid T cells, where LTR activity was 
essentially independent of kappa B-responsive elements. Due to the low 
basal LTR activity in resting T lymphocytes, NF-kappa 
B-dependent transactivation was a sine qua non event for induction 
of the HIV LTR. Surprisingly, even the function of HIV Tat in resting CD4 
T lymphocytes was found to be absolutely dependent on LTR kappa B 
responsive elements. The relevance of these observations obtained in 
transient transf ections was confirmed by the incapacity of blood CD4 T 
lymphocytes infected with an HIV infectious provirus carrying critical 
point mutations in the kappa B responsive elements to show any detectable 
transcriptional activity upon cell activation and prolonged culture in 
vitro. (ABSTRACT TRUNCATED AT 250 WORDS) 
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Murine Nramp is a candidate for the macrophage resistance 



Ity/Lsh/Bcg. Sequence analysis of human NRAMP was undertaken to determine 
its role in man. MATERIALS AND METHODS: A yeast artificial chromosome 
carrying NRAMP was subcloned and positive clones sequenced. The 
transcriptional start site was mapped using 5 1 RACE PCR. Polymorphic 
variants were amplified by PCR. Linkage analysis was used to map 
NRAMP. RESULTS: NRAMP spans 12kb and has 15 exons encoding a 550 amino 
acid protein showing 85% identity (92% similarity) with Nramp. Two 
conserved PKC sites occur in exon 2 encoding the Pro/Ser rich SH3 binding 
domain, and in exon 3. Striking sequence similarities (57 and 53%) were 
observed with yeast mitochondrial proteins, SMF1 and SMF2, especially 
within putative functional domains: exon 6 encoding the second 
transmembrane spanning domain, site of the murine susceptibility 
mutation; 

and exon 11 encoding a conserved transport motif. No mutations comparable 
to the murine susceptibility mutation were found. The transcriptional 
initiation site mapped 148 bp 5 1 of the translational initiation codon. 
440bp of 5 f flanking sequence contained putative promoter region 
elements : 

6 interf eron-gamma response elements, 3 W-elements, 3 NF 
kappa B binding sites and 1 AP-1 site. Nine purine-rich 

GGAA core motifs for the myeloid-specif ic PU.l transcription factor were 
identified, two combining with imperfect API-like sites to create PEA3 
motifs. TATA, GC and CCAAT boxes were absent. A possible enhancer element 
containing the Z-DNA forming dinucleotide repeat t (gt ) , ac (gt ) , ac (gt) , g 



was 



2q35. 



polymorphic (4 alleles; n = 4,9,10,11), and was used to map NRAMP to 

CONCLUSIONS: This analysis provides important resources to study the role 
of NRAMP in human disease. 
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Tumor necrosis factor-alpha (TNF-alpha) exerts pleiotropic biologic 
effects. Although TNF-alpha appears to activate a number of signal 
transduction pathways, the role of second messengers in mediating the 
different effects of TNF-alpha are not well defined. In this study, we 
investigated the role of ceramide as an intracellular mediator of 



TNF-alpha actia^^In Jurkat T cells, TNF-alpha ^ed early activation of 
the sphingomyei^^ cycle with peak hydrolysis of ^^ingomyelin observed at 
30 min following addition of TNF-alpha. In this cell line, TNF-alpha 
caused potent activation of nuclear factor-kappa B (NF- 
kappa B) and exerted potent cytostatic/cytocidal 

activity. C2-ceramide mimicked the effects of TNF-alpha on cell growth in 
a dose-dependent manner, but C2-ceramide was unable to induce activation 
of NF-kappa B under multiple conditions 

investigated. C2-ceramide, however, enhanced activation of NF- 
kappa B in response to TNF-alpha with peak effects 

observed at a concentration of C2-ceramide of 5 microM. Thus, ceramide 
functions as a selective mediator of the cytostatic/cytotoxic effects of 
TNF-alpha and plays a positive feedback role in 
activation of NF-kappa B. TNF-alpha 

signaling, therefore, involves multiple second-messenger pathways that 
function independently or coordinately to transduce distinct functions of 
TNF-alpha. 
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Harvard University, School of Public Health, Boston, 
Massachusetts 02115. 

NATURE, (1990 Jun 14) 345 (6276) 636-40. 
Journal code: NSC; 0410462. ISSN: 0028-0836. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
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Entered STN: 19900810 
Last Updated on STN: 19970203 
Entered Medline: 19900712 
The PBjl4 isolate of simian immunodeficiency virus from sooty mangabey 
monkeys ( SIVSMM-PBj 14 ) is the most acutely pathogenic primate lentivirus 
so far described, always causing fatal disease in pig-tailed macaques 
(Macaca nemestrina) within 8 days of inoculation. As a first step in 
identifying viral genes and gene products that influence pathogenicity, 
the SIVSMM-PBj 14 genome was amplified by the polymerase chain 
reaction as 5' and 3 1 genomic halves of 5.1 and 5.8 kilobases, 
respectively, and molecularly cloned. DNA sequence analysis revealed a 
high degree of conservation with other SIVs, except for a 22-base-pair 
duplication in the enhancer region of the viral long terminal repeat 

which 

included a second binding site for the transcription factor NF- 
kappa B. Of six genomic halves examined, four 

contributed to the formation of infectious virus that induced acute 
disease and death in pig-tailed macaques as early as 6 days 
post-inoculation, with pathology, disease syndromes and kinetics 
indistinguishable from those induced by the uncloned isolate. To our 
knowledge this is the first example of acute immunodeficiency disease 
induced by a molecularly defined lentivirus. Furthermore, the molecularly 
cloned SIVSMM-PBj 14 viruses share with the uncloned virus cytopathicity 
for mangabey CD4+ cells, a property that may correlate with their 
observed 

pathogenicity in vivo. 
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CANADIAN RESPIRATORY JOURNAL, 
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Asthma continues to pose a significant medical problem in terms of both 
morbidity and mortality. A number of patients with a severe exacerbation 
of asthma fail medical therapy and require urgent intubation and 
mechanical ventilation. New modalities of ventilatory support, including 
noninvasive ventilation, have been shown to provide effective ventilation 
even in the presence of severe bronchoconstriction . An intrinsically high 
level of auto positive end-expiratory pressure in 

these patients requires a precise balance between respiratory frequency, 
tidal volume and inspiratory flow rates. Pressure support ventilation 
reduces the risk of barotrauma and lowers the work of breathing in these 
patients. Adjuvant therapy with inhaled anesthetics and bronchoalveolar 
lavage may also be indicated in patients requiring high pressures to 
achieve adequate ventilation. 
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AB The cAMP resport^Pelement binding protein (CREB)^Pfd the cAMP-responsive 
element modulator (CREM) are cyclically expressed in the seminiferous 
tubules during spermatogenesis. In the somatic Sertoli cells, which are 
the major supporters of germ cell development in the seminiferous 

tubules, 

the expression of CREB is cyclical and appears to be regulated by the 
levels of cAMP produced in response to the pituitary derived 
follicle-stimulating hormone FSH. Cyclic AMP response elements (CREs) 
located in the promoter of the CREB gene were shown earlier to be 
implicated in an autopositive feedback loop that up-regulates 
the expression of CREB. Here we show that in Sertoli cells FSH-mediated 
induction of the CREM repressor isoform, ICER (inducible cAMP early 
repressor) is correlated with the inhibition and delay of CREB gene 
expression in the seminiferous tubules. ICER binds to the two CREs 
located 

in the promoter of the CREB gene and in transient transfection assays of 
Sertoli cells, ICER expression vectors down-regulate transcription of a 
reporter gene driven by the CREB gene promoter. In addition, analyses of 
ICER and CREB gene expression in isolated segments of rat seminiferous 
tubules reveals stage-specific and cycle-dependent expression of ICER. 



The 



that 



CREB 



periods of enhanced expression of ICER correspond to the stages of 
spermatogenesis with the lowest levels of CREB expression. We suggest 

the expression of ICER in Sertoli cells may contribute to the periodic 
repression of CREB gene expression during the repeated 12-day cycles of 
spermatogenesis, and may be required to reset the levels of activator 

prior to the initiation of each new cycle of spermatogenesis. 
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AB PEEP is indicated in patients with COPD only to unload the respiratory 

muscles from the auto-PEEP resulting from expiratory flow limitation. If 
auto-PEEP is not caused by flow limitation, application of PEEP will 

cause 

further hyperinflation, worsening respiratory mechanics, muscle activity, 
and hemodynamics. To assess the presence of expiratory flow limitation 
correctly, to measure auto-PEEP correctly, and to identify the maximal 
PEEP level to be used, measurements of flow and opening pressure must be 
obtained during a brief period of suspended respiratory muscle activity 
(obtained by sedation) with the patient's own breathing pattern 
reproduced 

accurately. 

L10 ANSWER 4 OF 33 MEDLINE 

ACCESSION NUMBER: 96322888 MEDLINE 

DOCUMENT NUMBER: 96322888 PubMed ID: 8706501 

TITLE: Unilateral lung hyperinflation and auto- 



AUTHOR: 
CORPORATE 

SOURCE: 



SOURCE: 



PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



Sive end-expiratory pressure du^^o a ruptured 
ht hemidiaphragm. 
Burchell S A; Takiguchi S A; Myers S A; Yu M 
Department of Surgery, University of Hawaii, Honolulu 
96813-7825, USA. 

CRITICAL CARE MEDICINE, (1996 Aug) 24 (8) 
1418-21. 

Journal code: DTF; 0355501. ISSN: 0090-3493. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Abridged Index Medicus Journals; Priority Journals 
199609 

Entered STN: 19960919 

Last Updated on STN: 19960919 

Entered Medline: 19960910 



L10 ANSWER 5 OF 33 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



COMMENT : 
AUTHOR: 

CORPORATE SOURCE: 
SOURCE : 



PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



MEDLINE 
96196060 MEDLINE 
96196060 PubMed ID: 8610857 
Auto-positive end-expiratory pressure 
during one-lung ventilation using a double-lumen 
endobronchial tube. 

Comment in: Anesth Analg. 1996 Nov; 83 ( 5 ) : 1 131 
Yokota K; Toriumi T; Sari A; Endou S; Mihira M 
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AB The present study was undertaken to investigate the possible 
relationships 

between the magnitude of autopositive end-expiratory pressure 
(auto-PEEP) and measured Pa02 during one-lung ventilation (OLV) . 
Forty-one 

adults received OLV anesthesia using a tidal volume of 8 mL/kg and a 
respiratory rate of 12 breaths/min. Auto-PEEP was quantified using an 
end-expiratory port occlusion method. During two-lung ventilation (2LV) , 
auto-PEEP was observed in 18 of 41 patients and ranged from 0.5 to 2.5 cm 
H20. During OLV, auto-PEEP was observed in 34 of 41 patients and ranged 
from 0.5 to 10 cm H20. The mean ( + /- SD) value of auto-PEEP was 
significantly higher during OLV than during 2LV (3.2 +/- 3.3 cm H20 
versus 

0.5 +/- 0.7 cm H20, P < 0.0001). Auto-PEEP during OLV correlated 
inversely 

with preoperative forced expiratory volume in 1 s/forced vital capacity 

(y 

= 12.5 - 0.13x, r = -.05, P < 0.005). During OLV, there was no 
significant 

correlation between auto-PEEP and measured Pa02 . These findings confirm 
that many patients do not exhale completely to functional residual 
capacity during OLV. 
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To describe the occurrence of low measured auto-end-expiratory 
auto-PEEP) during mechanical ventilation of patients severe 
asthma. DESIGN: Observational clinical study. SETTING: Medical intensive 
care unit of a university-affiliated county hospital. PATIENTS: Four 
mechanically ventilated patients with severe asthma who had low measured 
auto-PEEP despite marked increase in both peak and plateau airway 
pressures. INTERVENTIONS: None. MEASUREMENTS AND MAIN RESULTS: Peak 
pressure, plateau pressure, and auto-PEEP were measured at an early time 
point, when airflow obstruction was most severe, and again at a later 

after clinical improvement. Auto-PEEP was measured by the method of 
end-expiratory airway occlusion. From the early to the late point, there 
was a marked decrease in peak pressure (76 +/- 7 to 53 +/- 6 cm H20; 
p<.001) and in plateau pressure (28 +/- 2 to 18 +/- 3 cm H20; p<.001), 

only minimal change in auto-PEEP (5 +/- 3 to 4 +/- 3 cm H20) . The 
difference between plateau pressure and auto-PEEP decreased between the 
early and late time points (23 +/- 1 to 14 +/- 1 cm H20; p<.01), even 
though tidal volume was larger at the late time point. In three patients, 
low auto-PEEP and a large difference between plateau pressure and 
auto-PEEP was only seen after expiratory time was prolonged. In these 
three patients, prolongation of expiratory time resulted in a large 
decrease in measured auto-PEEP (14 + /- 4 to 5 +/- 4 cm H20) , but a much 
smaller change in plateau pressure (31 +/- 3 to 29 + /- 3 cm H20) . 
CONCLUSIONS: We conclude that measured auto-PEEP may underestimate 
end-expiratory alveolar pressure in severe asthma, and that marked 
pulmonary hyperinflation may be present despite low measured auto-PEEP, 
especially at low respiratory rates . This phenomenon may be due to 
widespread airway closure that prevents accurate assessment of alveolar 
pressure at end-expiration. 
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OBJECTIVES: To determine the efficacy of tracheal insufflation delivered 
by two different catheter designs on C02 elimination when used in 
conjunction with high-frequency oscillatory ventilation. DESIGN: A 
nonrandomized before and after trial. Each animal served as his own 
control. SUBJECTS: Ten mongrel dogs weighing 20.9 +/- 1.9 kg. Four 
animals 



AUTHOR: 
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FILE SEGMENT: 
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AB 



were assigned normal lung group and six anircj^ underwent lung 

by large volume saline lavage. INTERVENTION: Permissive hypercapnia was 
allowed to occur by selecting oscillator settings that would lead to 
alveolar hypoventilation. Proximal mean airway pressure was kept 
constant . 

Tracheal gas was insufflated at 1 cm above the carina for 30 min periods 
at gas flows of 5 to 15 L/min. MEASUREMENTS AND MAIN RESULTS: Carinal 
pressure, hemodynamic parameters (cardiac output, mean arterial pressure, 
pulmonary artery occlusion pressure), and gas exchange parameters {PaC02, 
Pa02, Pa02/FI02, shunt fraction, D 02) were measured. For the normal 

dogs , 

at catheter flow of 15 L/min; the forward thrust catheter increased 
carinal pressure and Pao2/FI02 BY 30% (p<.003) and 105% (p<.005), 
respectively. The forward thrust catheter reduced Paco2 by 40% (p<.04). 
The reverse thrust catheter increased Pa02/FI02 by 102% (p<.001) and 
decreased pressure and PaC02 by 44% (p<.001) and 34% (p<.003), 
respectively. For the injured dogs, at catheter flow rate of 15 L/min, 

the 

forward thrust catheter increased carinal pressure, Pa02, and Pa02/FI02 

by 

6% (p<.001), 23% (p<.001), and 24% (p<.02), respectively. The forward 
thrust catheter reduced PaC02 by 29% (p<.002). The reverse thrust 
catheter 

increased Pa02 and Pa02/FI02 both by 11% (p<.02) and reduced carinal 
pressure and PaC02 by 23% (p<.001) and 18% (p<.002), respectively. 
CONCLUSIONS: Tracheal gas insufflation is capable of improving 
oxygenation 

and ventilation in acute lung injury when combined with high-frequency 
oscillatory ventilation. The addition of this second gas flow at the 

level 

of the carina raises or lowers distal airway pressure, the magnitude of 
which is dependent on the direction and rate of gas flow. The beneficial 
effects of tracheal gas insufflation may be tempered by the long-term 
effects of altering distal airway pressure; lowering distal airway 
pressure may lead to atelectasis, whereas raising distal airway pressure 
may lead to an auto-positive end-expiratory pressure 
(auto- PEEP) effect . 
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AB OBJECTIVE: To study the effect of positive end-expiratory pressure (PEEP) 
on right ventricular hemodynamics and ejection fraction in patients with 
chronic obstructive pulmonary disease and positive alveolar pressure 
throughout expiration by dynamic hyperinflation (auto-PEEP) . DESIGN: 

Open, 

prospective, controlled trial. SETTING: General intensive care unit of a 
community hospital. PATIENTS: Ten patients sedated and paralyzed with an 



and 



as 



acute exacerbat:^^of chronic obstructive pulmona^^^disease undergoing 
mechanical vent^Pion. INTERVENTIONS: Insertion ^^a pulmonary artery 
catheter modified with a rapid response thermistor and a radial arterial 
catheter. PEEP was then increased from 0 (PEEP 0) to auto-PEEP level 

(PEEP 

- auto-PEEP) and 5 cm H20 above that (PEEP = auto-PEEP +5). MEASUREMENTS: 
At each level of PEEP, airway pressures, flow and volume, hemodynamic 
variables (including right ventricular ejection fraction by 
thermodilution 

technique), and blood gas analyses were recorded. MAIN RESULTS: The mean 
auto-PEEP was 6.6 +/- 2 . 8 cm H20 and the total PEEP reached was 12.2 +/- 
2.4 cm H20. The degree of lung inflation induced by PEEP averaged 145 +/- 
87 mL with PEEP = auto-PEEP and 495 +/- 133 mL with PEEP = auto-PEEP + 5. 
The PEEP = auto-PEEP caused a right ventricular end-diastolic pressure 
increase, but there was no other significant hemodynamic change. With 

PEEP 

= auto-PEEP + 5, there was a significant increase in intravascular 
pressures; this amount of PEEP reduced cardiac output (from 4.40 + /- 1.38 
L/min at PEEP 0 to 4.13 +/- 1.48 L/min; p < .05). The cardiac output 
reduction induced by PEEP = auto-PEEP + 5 was > 10% in only five cases 

this group of patients had significantly lower right ventricular volumes 
than the group with less cardiac output variation (right ventricular 
end-diastolic volume: 64 +/- 9 vs . 96 +/- 26 mL/m2; right ventricular 
end-systolic volume: 38 +/- 6 vs . 65 +/- 21 mL/m2; p < .05) without 
significant difference in the other variables that were measured. Neither 
right ventricular ejection fraction nor right ventricle volumes changed 

PEEP increased, but there were marked interpatient differences and also 
pronounced changes in volume between stages in individual patients. 
CONCLUSIONS: In the study conditions, PEEP application up to values 
approaching auto-PEEP did not result in the impairment of right 
ventricular hemodynamics, while higher levels reduced cardiac output in 
selected patients. 
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AB Paralysis via neuromuscular blockade in ICU patients requires mechanical 

ventilation. This review historically addresses the technological 
advances 

and scientific information upon which ventilatory management concepts are 
based, with special emphasis on the influence such concepts have had on 
the use of neuromuscular blocking agents. Specific reference is made to 
the scientific information and technological advances leading to the 

newer 

concepts of ventilatory management. Information from > 100 major studies 
in the peer-reviewed medical literature, along with the author's 25 yrs 



of 



clinical experience and academic involvement in acute respiratory care is 
presented. Nomenclature related to ventilatory management is specifically 
defined and consistently utilized to present and interpret the data. 



Pre-1970 ventili^^ry management is traced from tfa^^clinically 

unacceptable 

pressure-limited devices to the reliable performance of volume-limited 
ventilators. The scientific data and rationale that led to the concept of 
relatively large tidal volume delivery are reviewed in the light of 
today's concerns regarding alveolar overdistention, control-mode 
dyssynchrony, and auto-positive end-expiratory 

pressure. Also presented are the post-1970 scientific rationales for 
continuous positive airway pressure/positive end-expiratory pressure 
therapy, avoidance of alveolar hyperxia, and partial ventilatory support 
techniques (intermittent mandatory ventilation/synchronized intermittent 
mandatory ventilation) . The development of pressure-support devices is 
discussed and the capability of pressure-control techniques is presented. 
The rationale for more recent concepts of total ventilatory support to 
avoid ventilator-induced lung injury is presented. The traditional 
techniques utilizing volume-preset ventilators with relatively large 

tidal 

volumes remain valid and desirable for the vast majority of patients 
requiring mechanical ventilation. Neuromuscular blockade is best avoided 
in these patients. However, adequate analgesia, amnesia, and sedation are 
required. For patients with severe lung disease, alveolar overdistention 
and hyperoxia should be avoided and may be best accomplished by total 
ventilatory support techniques, such as pressure control. Total 
ventilatory support requires neuromuscular blockade and may not provide 
eucapnic ventilation. 

L10 ANSWER 10 OF 33 MEDLINE 

ACCESSION NUMBER: 94284401 MEDLINE 

DOCUMENT NUMBER: 94284401 PubMed ID: 8014286 

TITLE: Comparison of one versus two bronchodilators in ventilated 

COPD patients. 

AUTHOR: Fernandez A; Munoz J; de la Calle B; Alia I; Ezpeleta A; 

de 

la Cal M A; Reyes A 

CORPORATE SOURCE: Servicio de Cuidados Intensivos, Hospital Universitario de 

Getafe, Madrid, Spain. 
SOURCE: INTENSIVE CARE MEDICINE, (1994) 20 (3) 199-202. 

Journal code: H2J; 7704851. ISSN: 0342-4642. 
PUB. COUNTRY: United States 

(CLINICAL TRIAL) 

Journal; Article; (JOURNAL ARTICLE) 

(RANDOMIZED CONTROLLED TRIAL) 
LANGUAGE: English 
FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199407 

ENTRY DATE: Entered STN: 19940810 

Last Updated on STN: 19970203 
Entered Medline: 19940726 
AB OBJECTIVE: To compare the bronchodilating effect of a single drug, 

ipratropium bromide (IBr) , with that of its combination with fenoterol 
(IBr+F) . DESIGN: The study was triple blind and randomized. SETTING: 
Medical-surgical intensive care unit. PATIENTS: 12 patients with acute 
exacerbation of chronic obstructive pulmonary disease (COPD) requiring 
mechanical ventilation for severe respiratory failure. INTERVENTIONS: 
Before administering each drug, peak airway pressure (Ppeak) , end 
inspiratory pressure (Pei), resistive pressure (Pres), and auto 
positive--end expiratory pressure (auto-PEEP) were measured. 
Inspiratory system resistance (Rins) and dynamic respiratory system 
compliance (C) were calculated. Arterial pH and blood gas determinations 
were made. These measurements were repeated 60 min after administration 



of 



the 



each therapeutic regimen. For ipratropium bromide alone the dose was 0.04 
mg. When the combination of drugs was used, the doses were 0.04 mg for 
ipratropium bromide and 0 . 1 mg for fenoterol. MEASUREMENTS AND RESULTS: 
With the combination of both drugs, all the pressures in the airway, as 
well as the auto-PEEP and the Rins were significantly reduced (p < 0.05) 
with respect to baseline values. With ipratropium bromide alone, no 
significant changes were observed either in the pressures or in the 
inspiratory resistance. No significant changes were observed either in 



drugs 



pH or blood gasj^^w 
drugs produced 

with ipratropium bromide alone. 



k with any of the treatments. Th^roi 
ificantly reduction in Pei an^Ha 



CONCLUSIONS: The 



pmbination of both 
to-PEEP when compared 
combination of both 



this 



is more effective than ipratropium bromide alone at the doses used in 
study. 
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BRITISH JOURNAL OF ANAESTHESIA, (1994 Jan) 72 (1) 
25-8. 

Journal code: AUO; 0372541. ISSN: 0007-0912. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199403 

Entered STN: 19940406 
Last Updated on STN: 19940406 
Entered Medline: 19940331 
Flow-volume loops were monitored continuously in 39 patients undergoing 
thoracic surgery requiring one-lung ventilation. In 26 of the 39 patients 
(67%), auto-positive end-expiratory pressure 

(auto-PEEP) was seen on the flow-volume curves during both two-lung and 
one-lung ventilation. Eighty-seven percent of the patients whose trachea 
was intubated with a smaller size (35- and 37-French gauge) double-lumen 
tracheal tube exhibited auto-PEEP, compared with patients in whom the 

used was larger (39- or 41-French gauge: 54% and 50%, respectively) . 
Before operation, mean airway resistance was significantly greater in 
patients who exhibited auto-PEEP during anaesthesia (2.4 cm H20 litre-1 

than in patients without auto-PEEP (1.7 cm H20 litre-1 s) . 
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Relationship between expired capnogram and respiratory 
system resistance in critically ill patients during total 
ventilatory support. 

Blanch L; Fernandez R; Saura P; Baigorri F; Artigas A 
Intensive Care Service, Hospital de Sabadell, Barcelona, 
Spain . 

CHEST, (1994 Jan) 105 (1) 219-23. 
Journal code: D1C; 0231335. ISSN: 0012-3692. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Abridged Index Medicus Journals; Priority Journals 
199402 

Entered STN: 19940218 
Last Updated on STN: 19940218 
Entered Medline: 19940210 
To examine the relationship of expired capnograms and respiratory system 
resistance (Rrs) in intubated critically ill patients, we consecutively 
studied 41 mechanically ventilated patients to (1) analyze the 
association 

between expired C02 slope and auto-positive 

end-expiratory pressure (auto-PEEP) , between Rrs and auto-PEEP, between 
Rrs and expired C02 slope, and between Rrs and arterial minus end-tidal 
PC02 gradient ( PaC02-PETC02 gradient) and (2) to investigate the capacity 



PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



to 



of the expired Smg slope and PaC02-PETC02 gradiej^^to predict Rrs during 
mechanical ventilation. Regression analysis foun^W close correlation 
between Rrs and expired C02 slope (r = 0.86; p < 0.001), between Rrs and 
auto-PEEP (r = 0.75; p < 0.001), and between auto-PEEP and expired C02 
slope (r = 0.74; p < 0.001). Weak correlation was found between Rrs and 
PaC02-PETC02 gradient (r = 0.48; p < 0.01). Prediction interval limits at 
95 percent confidence level for Rrs are approximately +/- 7.39 cm H20/L/s 
from the predicted value obtained by the regression equation, where Rrs = 
11.42 + 2.28 expired C02 slope. These observations suggest that C02 
elimination in critically ill patients is strongly modulated by lung, 
airway, endotracheal tube, and ventilator equipment resistances. Although 
continuous capnogram waveform monitoring at the bedside might be useful 

assess Rrs, very accurate predictions could be done only in determinate 
patients . 
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Auto-PEEP: an impediment to weaning in the chronically 
ventilated patient. 
Geisman L K; Ahrens T 

AACN CLINICAL ISSUES IN CRITICAL CARE NURSING, (1991 
Aug) 2 (3) 391-7. 

Journal code: ATW; 9009969. ISSN: 1046-7467. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Nursing Journals 
199109 

Entered STN: 19911013 
Last Updated on STN: 19911013 
Entered Medline: 19910926 
Auto-positive end expiratory pressure (auto-PEEP) is a 
physiologic event that is a recently recognized phenomenon common to 
mechanically ventilated patients. Auto-PEEP occurs when forces exist that 
limit expiration and the subsequent elimination of positive pressure from 
the lungs. If positive pressure is retained, a potential reduction in 
cardiac output and increase in complications from barotrauma arise. 
Because of possible physiologic problems associated with it, auto-PEEP 

potentially interfere with weaning from mechanical ventilation. Nursing 
measures that can reduce the effect of auto-PEEP during weaning are 
centered on improving the inspiratory/expiratory flow patterns. These 
efforts include manipulating mechanical ventilator settings and reducing 
causes of increased respiratory rates (e.g., pain and anxiety). Since 
auto-PEEP was only recently identified as a potential impediment to 
weaning from mechanical ventilation, the nurse must be aware of the need 
to assess for the presence of auto-PEEP in these patients. 
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Bronchodilators in patients with chronic obstructive 
pulmonary disease on mechanical ventilation. Utilization 

metered-dose inhalers . 

Fernandez A; Lazaro A; Garcia A; Aragon C; Cerda E 
Servicio de Cuidados Intensivos, Hospital Central de la 
Cruz Roja, Madrid, Spain. 

AMERICAN REVIEW OF RESPIRATORY DISEASE, (1990 Jan) 
141 (1) 164-8. 

Journal code: 426; 0370523. ISSN: 0003-0805. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Abridged Index Medicus Journals; Priority Journals 
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Entered STN: 19900328 



i 



•t Updated on STN : 19900328 
ered Medline: 19900222 
AB Bronchodilators are used widely in the acute exacerbations of chronic 

obstructive pulmonary disease (COPD) , although their effectiveness is not 
clearly established. We used three bronchodilators in 20 patients with 
COPD who were being mechanically ventilated. Two of the bronchodilators, 
ipratropium bromide and salbutamol, were administered from metered-dose 
inhalers (MDI) through an adapter to the endotracheal tube, and the 
third, 

aminophylline, was administered in the form of intravenous infusion. 
Before administering each drug, peak airway pressure, end-inspiratory 
pressure, resistive pressure, and auto positive 

end-expiratory pressure (auto-PEEP) were measured, and inspiratory 
resistance (Rins) and compliance were calculated. Heart rate (HR) and 
blood pressure were also recorded, and arterial pH and blood gas 
determinations were made. These measurements were repeated 60 min after 
the administration of aminophylline, 15 and 60 min after administering 
salbutamol, and 30 and 60 min after administering ipratropium bromide. 
With these three drugs, airway pressures were reduced, as well as 
auto-PEEP and Rins, with respect to basal values (p less than 0.05). The 
changes in compliance were only significant with salbutamol (p less than 
0.05). HR was only significantly modified with aminophylline (p less than 
0.05). No blood gas change was observed with any of the three drugs. It 
can be concluded that: (1) the three drugs used in this study were 
equally 

effective in producing significant bronchodilation in patients on 
mechanical ventilation for severe acute exacerbation of COPD; (2) the 
administration of bronchodilators by MDI in intubated patients through a 
special adapter was as effective as the intravenous administration of 
aminophylline . 
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AB In recent years, four square-wave modes of pressure-preset mechanical 

ventilation (PPV) — pressure control, pressure support, inverse ratio, and 
airway pressure release ventilation--have been introduced to clinical 
practice. Conceptually, they share important features. Yet, because there 
remains widespread uncertainty regarding their ventilatory 
characteristics, efficacy, and appropriate use, the potential range of 
application is only now being investigated. To construct a unifying 
mathematical model of PPV, we developed a system of equations for 
prediction of the major "outcome" variables of PPV--tidal volume, minute 
ventilation, auto-positive end-expiratory pressure, 

mean alveolar pressure, and mechanical work--from the primary clinical 
"inputs" from patient (resistance, compliance) and clinician (applied 
pressure, frequency, inspiratory time fraction) . Our analysis revealed 
distinct bounding limits for the outcome variables of ventilation and 
pressure and important implications for their clinical determinants. 
Although simplifying assumptions were required to enable construction of 
this mathematical analogue of respiratory system behavior, this model 



provides a f irm^^iceptual framework for understating the physiological 
interactions be^^fen PPV and the patients they a^BLntended to help. 
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Auto-peep calculation based on lungs mechanics simulation 
during pressure controlled ventilation. 
Michnikowski, M. (1); Darowski, M. (1); Slugocki, P.; 
Grabowski, J.; Rondio, Z. 

(1) Inst. Biocybernetics Biomed. Eng., Polish Acad. Sci., 
Warsaw Poland 

European Respiratory Journal, (Sept., 1998) Vol. 
12, No. SUPPL. 28, pp. 146S. 

Meeting Info. : European Respiratory Society Annual 

Geneva, Switzerland September 19-23, 1998 The European 

Respiratory Society 

. ISSN: 0903-1936. 

Conference 

English 
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The effects of applied vs auto-PEEP on local lung unit 
pressure and volume in a four-unit lung model. 
Kacmarek, Robert M. (1); Kirmse, Max; Nishimura, Masaji; 
Mang, Harald; Kimball, William R. 

(1) Respiratory Care, Ellison 401, 32 Fruit Street, 
Massachusetts Gen. Hosp., Boston, MA 02114 USA 
Chest, (1995) Vol. 108, No. 4, pp. 1073-1079. 
ISSN: 0012-3692. 
Article 
English 

Background: The application of positive end-expiratory pressure (PEEP) 



maintenance of increased mean airway pressure (MAP) has been associated 
with improved oxygenation in adult respiratory distress syndrome. 
Recently, attention has been directed toward elevating MAP by 
establishing 

auto-PEEP when ventilating with an inverse inspiratory to expiratory 

ratio 

in opposition to applied PEEP. We theorized that FRC distribution and 
local lung unit end-expiratory pressure (EEP) would be different when 
equal levels of PEEP were established by applying PEEP or by producing 
auto-PEEP. Methods: Using a four-chamber lung model with each chamber 
having a different time constant (TC) , we applied equal levels of applied 
PEEP (I:E ratio 1:3) and auto-PEEP (I:E ratio 3: 1) and evaluated local 
lung unit EEP and end expiratory lung volume (EELV) . Results: During all 
trials with applied PEEP, local lung unit EEP was equal to applied PEEP, 
whereas during auto-PEEP local EEP differed (p It 0.01). At a tracheal 
auto-PEEP level of 12.7 cm H-20, the lung unit with the longest TC (slow 
lung unit) had an EEP of 15.8 cm H-20, while the shortest TC unit (fast 
lung unit) had an EEP of 10.1 cm H-20 (P It 0.01). Similarly, local EELVs 
were more maldistributed with auto-PEEP than with applied PEEP. At a 
tracheal PEEP level of 12.7 cm H-20, the EELV increase in the slow lung 
unit with auto-PEEP was 1,054 mL vs 918 with applied PEEP (p It 0.01), 
whereas the fast lung unit's EELV increase with auto-PEEP was 142 mL 
compared with 212 mL with applied PEEP (p It 0.01). Conclusion: Comparing 
equal levels of auto-PEEP with applied PEEP, a greater maldistribution of 
local lung unit EEP and EELV was established with the anto-PEEP. During 
auto-PEEP, the greatest EEP and EELV occurred in the slow lung unit, and 
the lowest EEP and EELV developed in the fast lung unit. 
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:o-PEEP in anesthetized patient^^ith COPD. 
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Dep. Anesthesiol. Pain Management, Univ. Texas 
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Anesthesia & Analgesia, (1995) Vol. 80, No. 2 SUPPL., pp. 
S528. 

Meeting Info.: 69th Clinical and Scientific Congress of 

International Anesthesia Research Society Honolulu, Hawaii 
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ISSN: 0003-2999. 

Conference 

English 
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Life-threatening hypotension associated with emergency 

intubation and the initiation of mechanical ventilation. 

Franklin, Cory (1); Samuel, Jacob; Hu, Tzyy-Chyn 

(1) Critical Care Med., Ward 15/MICU, Cook County Hosp., 

1835 W. Harrison St., Chicago, IL 60612 USA 

American Journal of Emergency Medicine, (1994) Vol. 12, 
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AB To determine the incidence of life-threatening hypotension (LTH) suffered 

by patients in the initial hours after emergency intubation and 
mechanical 

ventilation, prospective, consecutive case series of patients undergoing 
endotracheal intubation and mechanical ventilation were evaluated in the 
adult emergency department of a large urban hospital. Eighty-four medical 
patients who received intubation and mechanical ventilation for 
ventilatory failure, respiratory failure, or airway protection (trauma 
patients excluded) were included. LTH, defined as a decrease in mean 
arterial pressure of 60 mm Hg or an absolute decrease to a systolic blood 
pressure It 80 mm Hg in the first 2 hours after intubation, was observed 
in 24 of the 84 patients who met study criteria (incidence 28.6%). Eleven 
patients (incidence 13.1%) required treatment for LTH with vasopressors. 
There was one cardiac arrest, and there were no deaths. There was a 
statistically significant association between LTH and hypercarbic (PCO-2 
gt 50 mm) chronic obstructive pulmonary disease (COPD) (P = .004). There 
was also a weaker statistical association between LTH and hypoxemic 
respiratory failure (P = .019). No association could be established 
between LTH and the other diagnoses, arterial blood gas (ABG) 
derangements, or the administration of sedatives or paralytic 
medications . 

LTH represents a serious complication of emergency intubation in the 
initial phase of mechanical ventilation. Because it occurs in more one 
quarter of all cases, it should be anticipated during intubation and the 
initial phase of ventilator management, especially in high-risk patients 
such as those with hypercarbic COPD. The cause of LTH is probably 
multifactorial, and potential mechanisms include preexisting volume 
depletion, right ventricular compromise, auto-positive 
end-expiratory pressure (PEEP) and catecholamine reduction during CO. 
washout. The frequency of LTH after intubation has implications for 
intubation procedures, ABG monitoring, ventilator adjustment, and fluid 
and vasopressor resuscitation. 
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Pressure-controlled inverse ratio ventilation in severe 
respiratory failure. 
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Inverse ratio ventilation in ARDS : Improved oxygenation 
without autoPEEP. 

Manthous, Constantine A.; Schmidt, Gregory A. (1) 
(1) 5841 South Maryland, Chicago 60637 
Chest, (1993) Vol. 103, No. 3, pp. 953-954. 
ISSN: 0012-3692. 
Article 
English 
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TIME-COURSE OF RESPIRATORY MECHANICS AND GAS EXCHANGE 
DURING MECHANICAL VENTILATION IN A CASE OF NEAR-FATAL 
ASTHMA. 

BLANCH L; FERNANDEZ R; FERRER A; BAIGORRI F; ART I GAS A 

SERVEI DE MEDICINA INTENSIVA, HOSPITAL SABADELL, APARTAT 
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THE EFFECT OF AUTO- POSITIVE 

END-EXPIRATORY PRESSURE ON THE ARTERIAL-END-TIDAL CARBON 
DIOXIDE PRESSURE GRADIENT AND EXPIRED CARBON DIOXIDE SLOPE 
IN CRITICALLY ILL PATIENTS DURING TOTAL VENTILATORY 
SUPPORT. 

BLANCH L; FERNANDEZ R; ART I GAS A 

SERVEI DE MEDICINA INTENSIVA, HOSP. DE SABADELL, APARTADO 
DE CORREOS 196, 08208 SABADELL, SPAIN. 
JCRIT CARE, (1991) 6 (4), 202-210. 
CODEN: JCCAER. ISSN: 0883-9441. 
BA; OLD 
English 

To examine the effect of auto-positive end-expiratory 
pressure (autoPEEP) on the estimation of arterial carbon dioxide pressure 
(PaC02) from end-tidal carbon dioxide pressure (PetC02) during changes in 
minute ventilation (MV) , we studied 24 consecutive sedated and paralyzed 
patients under controlled mechanical ventilation for acute respiratory 
failure. The patients were grouped according to whether they had 
autoPEEP: 

group I (n = 11) comprised non-autoPEEP patients and group II (n = 13) 
comprised autoPEEP patients. Patients were randomly ventilated at three 
different levels of MV: normal MV (basal tidal volume), high MV (tidal 
volume 2.5 mL/kg above basal), and low MV (tidal volume 2.5 mL/kg below 
basal) . Respiratory rate and inspiration to expiration ratio were kept 
constant during the study. In each condition, we measured arterial blood 
gases, expiratory capnograms, airway pressure, and autoPEEP. We 
determined 

PaC02-PetC02 gradient, predicted PaC02 (Pa f C02) [Pa'C02 = PetC02 for each 
condition + ( PaC02-PetC02 gradient at normal MV) ] , and expired C02 slope. 
The PaC02-PetC02 gradient only remained stable in group I (mean values 



for 



low, normal, and high MV were 3.3, 3.3, and 3.5 mm Hg, respectively), 



while group II ^fcwed a significant difference d^Lnq low MV (12.2 mm Hg) 
when compared v^Pf normal MV {8.4 mm Hg; P < . Ol^^id high MV (8.9 mm Hg; 
P < .05). PaC02 and PetC02 showed significant correlations in both groups 
(r = .92 in group I and .79 in group II). However, Pa'C02 could only be 
safely estimated in patients without autoPEEP when the difference between 
PaC02 and Pa'C02 ranged between 1.6 and -1.9 mm Hg . Slopes of expired C02 
greater than 3 mm Hg/s identified patients with autoPEEP of 8 9% 
sensitivity, 93% specificity, 94% positive predictive power, and 95% 
accuracy. A significant correlation was found between autoPEEP and 
expired 

C02 slope (r = .70; P < .001), between autoPEEP and PaC02-PetC02 gradient 
(r = .4 6; P < .001), and between C02 expired slope and PaC02-PetC02 
gradient (r = .74; P < .001). These results indicate that in patients 

with 

acute respiratory failure under controlled mechanical ventilation, the 
presence of autoPEEP is associated with inaccuracy in the calculation of 
predicted PaC02 from PetC02 after changes in MV at fixed respiratory 
rates . 
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AB Patients with chronic obstructive pulmonary disease [COPD] breath at 
large 

lung volumes because of dynamic hyperinflation. Their end-tidal lung 
volumes will then be much above the equilibrium position of the 
respiratory system and the elastic recoil pressure would be above zero at 
end-tidal exhalation. This auto or intrinsic positive end-expiratory 
pressure [auto-PEEP] contributes to the elastic work of inspiration and 
the sensation of dyspnoea. The purpose of this study was to offset the 
auto-PEEP in patients with exacerbated chronic airflow obstruction by 
applying continuous positive airway pressure via the nose [nasal-CPAP] . 
Nine out of 14 patients experienced alleviation of dyspnoea while on 
nasal-CPAP [4 to 8 cmH20] . These 9 patients had significantly more severe 
hyperinflation than the 5 patients who did not respond positively to 
nasal-CPAP. While there is a complex relationship between intrinsic and 
extrinsically applied PEEP in patients with COPD, the result of this 
study is consistent with the notion that CPAP may alleviate dyspnoea by 
reducing auto-PEEP, improving lung mechanics and unloading the 
inspiratory 



muscles. Nasal] 
exacerbations 
of COPD. 



VP may have a potential therapo^fctc role in 
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Alveolar pressure can remain positive throughout the ventilatory cycle of 
mechanically-ventilated patients with airflow obstruction, even when 
positive end-expiratory pressure (PEEP) is not applied intentionally. The 
increase of intrathoracic pressure associated with this auto-PEEP 
phenomenon can severely depress cardiac output and elevate the 
end-expiratory pulmonary artery wedge pressure. Such effects may be 
exaggerated in patients with chronic obstructive pulmonary disease 
because 

abnormally compliant lungs transmit a high fraction of alveolar pressure 
to intrathoracic vessels. Failure to recognize the hemodynamic 
consequences of auto-PEEP may lead to inappropriate fluid restriction or 
unnecessary vasopressor therapy. Although not apparent during normal 
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Hypoxia Induces High-Mobility-Group Protein I(Y) and 
Transcription of the Cyclooxygenase-2 Gene in Human 

Vascular Endothelium 

Yan-Shan Ji, Qing Xu, John F. Schmedtje, Jr 

Abstract — Cyclooxygenases catalyze a rate-limiting step in the synthesis of vascular endothelial prostaglandins. 
Expression of the inducible cyclooxygenase-2 (COX-2) gene is increased by hypoxia in human vascular endothelial 
cells via the nuclear factor (NF)-kB p65 transcription factor, which is necessary but not sufficient to fully induce COX-2 
transcription in response to hypoxia. After finding that cytoplasmic NF-kB p65 and IkB<* (an inhibitory protein that 
binds NF-kB p65 precursors) levels are not changed by hypoxia, we hypothesized that other factors might play a role 
in regulating the COX-2 promoter, like the high-mobility-group (HMG) I(Y) family of proteins, which features multiple 
A-T hooks and is associated with NF-«B-mediated transactivation. Nuclear protein obtained from human umbilical vein 
endothelial cells (HUVECs) was supplemented with HMG I(Y) during electrophoretic mobility shift assays using an 
NF-kB-3' element probe. These data suggested that HMG I(Y) proteins interact with NF-kB p65 to induce COX-2 
promoter activity. We also found that TATA-box DNA demonstrated increased electrophoretic shifting indicative of 
DNA binding after incubation with either hypoxic HUVEC nuclear protein or normoxic nuclear protein supplemented 
with HMG T(Y). Transfection of HUVECs with an expression vector containing the COX-2 promoter ligated to HMG 
I(Y) cDNA demonstrated positive feedback on COX-2 promoter activity in hypoxia. We confirmed that COX-2 is 
transcriptionally regulated by hypoxia using a nuclear runoff assay. Hypoxia increased steady-state cellular levels of 
HMG I(Y) mRNA as an early event, corresponding with increases in HMG I(Y) protein. Overexpression of HMG 1(Y) 
was associated in a dose- response relationship with increasing prevalence of the COX-2 protein in hypoxic HUVECs. 
Furthermore, sense (and anti sense) HMG 1(Y) overexpression caused stimulation (or inhibition) of COX-2 promoter 
activity as measured by luciferase reporter gene expression. The physiological significance of these findings was 
demonstrated by cyclooxygenase-dependent release of prostaglandin E 2 by HUVECs in hypoxia. We concluded that 
hypoxia increases expression of HMG I(Y) proteins while facilitating transactivation of the COX-2 promoter. The HMG 
I(Y) family of proteins may therefore function as part of a hypoxia-induced enhanceosome that helps to promote 
transcription of COX-2. (Circ Res. 1998;83:295-304.) 

Key Words: endothelium ■ hypoxia ■ HMG I(Y) ■ cyclooxygenase-2 ■ prostaglandin 



The high-mobility-group protein family (HMG) I(Y) is a 
group of nonhistone chromosomal proteins. 1,2 HMG I(Y) 
binds to AT-rich regions of DNA with A-T hooks, 3 inducing 
DNA conformational changes. HMG T(Y) can also regulate 
the affinity of some transcriptional factors to their DNA- 
binding elements while interacting with other transcriptional 
regulators. 4 " 7 As a architectural protein regulator, HMG I(Y) 
can either facilitate the binding of some factors to their 
DNA-binding elements and increase promoter activity or 
interfere with the binding of some other factors and inhibil 
promoter activity. 8 ' 13 The affinity of HMG I(Y) binding to 
DNA depends on the structure of the DNA binding site/- 1617 
Nuclear factor (NF)-kB is among those factors considered to 
interact with HMG I(Y). 8 

The inducible cyclooxygenase, cyclooxygenase-2 (COX- 
2), is considered a rate-limiting enzyme in the synthesis of the 



prostaglandins from arachidonic acid.' 8 COX-2 can be in- 
duced rapidly by many physical and chemical stimuli in 
human endothelial cells, including shear stress, cobalt, mito- 
gen ic agents, and cytokines. u> ~ 21 The COX-2 gene has been 
cloned, and there are several potential response elements 
upstream from the transcription start site of the COX-2 gene, 
including Spl, activator protein-2, NF-kB, NF-IL6, cAMP 
response clement, E box, and TATA. 22,23 In addition, IL-10 
regulates the translation of COX-2 gene by binding the 3' 
untranslated region and stabilizing mRNA. 24 The NF-IL6 site 
is responsible for induction of COX-2 by lipopolysaccharides 
and phorbol ester in vascular endothelial cells." A cAMP 
response element mediates the effect of \-src on COX-2 
expression in fibroblasts. 25 In a previous study, we showed 
that hypoxia induced the expression of COX-2 gene via 
NF-kB p65 factor in human endodielial cells, demonstrating 
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that hypoxia increases the binding of NF-kB p65 to the 
relatively 3' consensus element in the upstream promoter of 
the COX-2 gene.' 6 We found that the binding of the NF-kB is 
a necessary, if not sufficient* step for the response of COX-2 
to hypoxia. This finding left us with questions as to what 
other factors could be conveying hypoxia-specific signals to 
the nucleus, making the p65 interaction with the COX-2 
promoter a sufficient stimulus for transactivation. 

We hypothesized that the increase in COX-2 gene expres- 
sion by NF-kB in hypoxia was sensitive to interaction 
between NF-kB or TATA elements and the HMG T(Y) family 
of proteins given this background information. We examined 
the expression of HMG I(Y) gene under hypoxic conditions 
and found evidence indicating that HMG I(Y) plays a role in 
the induction of COX-2 expression in hypoxia. 

Materials and Methods 
Cell Culture and Hypoxia Treatment 

Human umbilical vein endothelial cells (HUVECs) (Clonetics) were 
cultured in medium 199 with 2.2 g NaHCO-/L (Life Technology, 
Inc), 5% FBS (Hyclone Laboratories), 50 /ig/mL endothelial cell 
growth supplement (Collaborative Biomedical Products), 50 jxg/mL 
heparin, and L0 ^g/mL hydrocortisone. HUVECs were studied 
within s5 passages from primary culture. HUVECs were exposed to 
ambient oxygen concentration of 19b (hypoxia) and 21% (normoxia) 
when the cells were grown to «*60% to 80% confluence. The 
medium was preequilibrated to the environmental gas conditions 
overnight before cellular exposure. The possibility of generating 
reoxygenation artifacts after removal of the cells from the incubator 
was carefully prevented by immediately placing cells on ice and 
replacing hypoxic medium with lysis buffer. 

Construction of Plasmids 

The full-length human HMG I cDNA (pBS-HMG-l) was a gift from 
Dr Raymond Reeves. A set of deletion constructions of the COX-2 
promoter, extending from -1800, -304, -245, and -45 bp 
upstream from the transcription start site to +65, were produced with 
polymerase chain reaction. These deletions were inserted into vector 
pGL2-basic (Promega) containing a luciferase reporter gene and are 
referred to as pD4, pD3, pD2, and pDl, respectively. An HMG 1(Y) 
expression plasmid pD3-HMG was driven by the COX-2 promoter 
through replacement of luciferase reporter gene (HMU\-EcoRV 
fragment) of pD3 with the HMG I cDNA insert of pBS-HMG-I. The 
pSV40-HMG(+) and pSV40-HMG(-) plasmids were generated by 
removing the luciferase reporter gene in pGL-2 promoter (Promega) 
through restriction endonuclease digestion with EcoRV and HiridlU 
and subsequently ligating HMG I cDNA in sense (+) or antisense 
(-) orientation with the SV40-driven remnant of pGL-2. The 
correctness of the recombinant plasmids was confirmed by restric- 
tion digest analyses. 

Western Blotting 

Cell culture dishes were briefly washed with prechilled PBS before 
adding cell lysis buffer (50 mmoI/L HEPES [pH 7.4], 10 mmol/L 
KC1, I mmol/L EDTA, I mmol/L EGTA, 1 mmol/L DDT, 
0.5 mmol/L phenyl methylsulfonyl fluoride, 1 jxg/mL pepstatin A, 1 
jag/mL leupeptin, 10 fig/mL trypsin inhibitor, 10 ptg/mL aprotinin, 
and 0.5% Triton). Protein concentration was measured using Bio- 
Rad protein assay reagent. After electrophoresis in 1 2% SDS-PAGE 
gel, the 30 cell lysate was blotted to a nitrocellulose membrane. 
Nonspecific binding was blocked by soaking the membrane in a 
TBST buffer (20 mmol/L Tris base [pH 7.5], 137 mmol/L NaCl. and 
0. 1 % Tween 20) containing 5% nonfat milk for 30 minutes at 37°C 
The membrane was then incubated with polyclonal IgG to NF-kB 
p65 (1:1500 dilution), the inhibitory protein that binds NF-kB p65 
precursors (I*B, 1:1000 dilution), or HMG I(Y) (1:1000 dilution) 



(Santa Cruz Biotechnology) for 30 minutes at 37 3 C and washed in 
TBST for 5 minutes (5 times each). After a similar incubation with 
horseradish peroxidase- conjugated anti-IgG, the membrane was 
washed and incubated in luminol ECL detection reagents (Amer- 
sham) and exposed to the film. Incubation with IgG monoclonal 
antibody to chicken a-tubulin (Sigma) at 1 :2500 dilution was also 
performed for comparative purposes. 

Electrophoretic Mobility Shift Assay 

Nuclear protein extraction and gel shift assays were performed as 
previously described for NF-kB-3'. 16 The duration of HUVEC 
exposure to hypoxia was 2 hours. The binding reaction was per- 
formed with end-labeled oligonucleotide from the COX-2 promoter 
and 2 to 6 ^g of nuclear extract The sense strand of the double- 
stranded TATA box oligo used for electrophoretic mobility shift 
assay (EMSA) was also taken from the COX-2 promoter region: 
5 ' -TTGGTTTTC AGTCTTATAAA AAGG-3 ' . 

Transfection for Reporter Gene Assay 
We performed transfection analysis using luciferase reporter gene 
constructions in HUVECs, which were grown in 35 -mm 6- well 
plates to 70% to 80% confluence. For each well, 12 /xL of lipofectin 
reagent (GIB CO BRL) was added into 88 jxL of Opti-MEM-1 
medium (Life Technologies, Inc) and incubated at room temperature 
for 45 minutes. Then 2.0 /ig of pDl-pD4 and 0.5 ^g of pSV2PAP, 
containing the alkaline phosphatase reporter gene downstream from 
an SV40 promoter, were added into 100 /i,L Opti-MEM-1 medium. 
The lipofectin and DNA solution were mixed and incubated at room 
temperature for 15 minutes, and then another 800 jaL of Opti- 
MEM-1 medium was added to the mixture. After the HUVECs were 
rinsed once with the Opti-MEM- 1 medium, the lipofectin and DNA 
mixture was overlaid on the cells and incubated at 37°C for 8 hours. 
We then replaced the mixture with the original medium and let the 
cells recover overnight. HUVEC cells were exposed to hypoxia or 
further normoxia for 24 hours before reporter gene assay. An 
additional 0.5 to 4.0 jig of HMG I expression plasmid (as indicated 
in Figure 5) was added into the DNA mixture. A control plasmid 
containing only the COX-2 promoter but no reporter gene was used 
to make the DNA quantity constant. Luciferase activity was deter- 
mined in cell ly sates through single photon counting on a microplate 
scintillation counter. Alkaline phosphatase activity was determined 
as previously described to control transfection efficiency. 16 The 
values for luciferase (counts per second) and alkaline phosphatase 
(optical density) were reported as a ratio, thereby correcting for 
discrepancies in transfection efficiency. 

Northern Blotting 

Total RNA was extracted from HUVECs treated with normoxia and 
hypoxia with the use of RNAzol B (TEL-TEST, Inc). Total RNA (20 
jig/well) was loaded in a 1.2% formaldehyde agarose gel. After 
electrophoresis, the nucleic acids were transferred to a nylon mem- 
brane by blotting. A Sad fragment of HMG 1 cDNA (1 1 86 bp) was 
randomly labeled with "P as a probe. Randomly labeled 18S RNA 
was also used for comparative purposes. 

Nuclear Runoff Assay for COX-2 Transcripts 

Nuclei were harvested from HUVECs as follows: cells were rinsed 
twice with ice-cold PBS, and then 5 to 8X 10 7 cells were scraped into 
a 50-mL tube with 4 mL of ice-cold PBS, centrifuged for 5 minutes 
at 500g and 4°C, loosened by vortexing gently, and then lysed with 
4 mL of NP-40 lysis buffer (10 mmol/L Tris-HCl [pH 7.5], 
1.5 mmol/L MgClj, 140 mmol/L NaCl, and 1% NP-40). We 
incubated lysed cells for «=3 to 5 minutes on ice, checked the cell 
lysate with a phase-contrast microscope, and then centrifuged the 
nuclei at 500# at 4°C for 5 minutes. The nuclei were washed twice 
in 1 mL of 20 mmol/L Tris-HCl (pH 8.0), 20% glycerol. 140 mmol/L 
KC1, 10 mmol/L MgCl 2 , 1 mmol/L MnCl 2 , and 14 mmol/L 
0-mercaptoethanol. After centrifugation at 650$ for 4 minutes, we 
resuspended the nuclei in 200 fiL of this buffer and stored them in 
liquid nitrogen. Frozen nuclei were thawed to 25"C, and nascent 
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transcripts were labeled with 20 jxL of 10 mCi/mL [a- 32 P]UTP(800 
Ci/mmol) and 2.5 ;lL of 100 mmol/L ATP. CTP, and GTP for 30 
minutes at 30°C RNA was extracted from the nuclei by adding 0.9 
mL RNa70l B and 0.12 mL chloroform. The aqueous content was 
separated, and RNA was precipitated with isopropanol and washed 
with 70% ethanol. The RNA was resuspended in 100 Tris-EDTA 
solution and 1 /tL of RNase inhibitor. Limited alkaline hydrolysis 
was achieved with the addition of 20 of 1 mol/L NaOH and 
incubation on ice for 10 minutes, followed by neutralization with 40 
/llL of 1 mol/L HEPES at pH 7.9. RNA was precipitated with sodium 
acetate and ethanol. RNA was hybridized to nitrocellulose to which 
DNA lor COX-1 and COX-2, along with a negative control, had 
been slot -blotted. The radiolabeled RNA transcripts that hybridized 
to the membrane were identified by exposure to film for 4 days. 

GST-HMG Fusion Protein 

The full-length HMG I(Y) cDNA coding region was inserted into the 
glutathione-5-transferase (GST) fusion protein expression vector 
pGEX-4T-l by ligation to EcoKl and Smal restriction sites. Esche- 
richia coli BL21, transformed with the recombinant plasmid, was 
grown in LB medium supplemented with 100 jig/mL ampiciliin at 
37°C overnight. The cells were then diluted 1:10 in fresh LB and 
grown for another hour. Expression of the GST-HMG fusion protein 
was induced by incubation with 1.0 mmol/L isopropyl-/3-D- 
thiogalactoside for 4 hours. The cells were then resuspended in PBS 
and lysed by sonication. The proteins were brought into solution with 
\% Triton X-100. A crude extract was separated by centrifugation 
and added to a 50% slurry of glutathione Sepharose 4B equilibrated 
with PBS. After gentle agitation at room temperature for 30 minutes, 
the matrix was sedimented and washed with PBS. Then GST-HMG 
was eluted by 10 mmol/L reduced glutathione, and the fusion protein 
was analyzed by SDS-PAGE. 

Radioimmunoassay of PGE 2 

HU VEC cells were grown to 70% to 80% confluence and exposed to 
2 hours, 6 to 10 hours, 24 hours, and 48 hours of normoxic or 
hypoxic conditions. Immediately after stimulation, the culture me- 
dium was collected into prechilled polypropylene tubes coated with 
a solution of 4.5 mmol/L EDTA combined with 10 jutg/mL indo- 
methacin to inhibit further prostaglandin synthesis. Prostaglandin E, 
(PGE2) levels were determined using a commercially available ni l 
radioimmunoassay kit (Dupont). PGE 2 levels were assayed directly 
from medium as follows: 100 *iL sample, 100 p,L rabbit anti-serum, 
and 100 /iL tracer (iodinated analogue of PGE 2 ) were incubated 
together overnight at 4°C. Then 1 mL cold precipitating reagent 
(16% PEG 6000 and 0.05% sodium azide in 50 mmol/L phosphate 
buffer, pH 6.8) was added to precipitate the antibody-bound tracer. 
After centrifugation, the pellet containing the antibody-antigen 
complex was counted in a gamma counter. Results from a serial 
dilution of standard concentrate were used to construct standard 
(dose-response) curves from which the unknowns were read by 
interpolation. The value in the medium at time zero was subtracted 
from each value to yield an index of cellular prostanoid production 
above that baseline over time. Protein concentration in each cell 
culture dish was measured after 2 washings with PBS. NaOH (0.62 
mol/L) was added to solubilize the protein. The protein concentra- 
tions from each dish were then measured with a modified Bradford 
method (Bio-Rad) using BSA as a standard. 2 * The results of PGE 2 
measurements were reported as picograms per milligram of protein. 

Results 

Search for Hypoxia-Related Regulatory Elements 
in COX-2 Promoter 

Hypoxia is known to regulate transcription via multiple 
factors. For instance, hypoxia-inducible factor 1 (HIF-1), 
which mediates erythropoietin induction in hypoxia, also 
regulates the transcription of genes encoding glycolytic 
enzymes. The presence of a HIF- 1 binding site is necessary 
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but not sufficient to direct the hypoxia-induced transcrip- 
tion of these genes. 27 There are several potential c/s-acting 
elements within the 350 bases upstream from the COX-2 
transcription start site (Figure I A). The known hypoxia- 
inducible element 1 (HIE-1), which binds HIF-1, has not 
been found upstream or downstream from the COX-2 
coding region. We performed several transfections with a 
set of deletions of the COX-2 promoter to search for a 
hypoxia regulatory element (Figure IB). The D4 region is 
the intact COX-2 promoter. It displayed full COX-2 
promoter activity and a full reporter gene response to 
hypoxia induction when transfected in a vector. Transfec- 
tion using pD3, which features 1496 bp less of the COX-2 
upstream promoter than does D4, showed no significant 
decrease of the promoter activity. The smallest construct, 
pDl, containing the basal promoter of COX-2 and a TATA 
box, displayed a minimal response to hypoxia. Although 
insignificant in itself, this minimal response suggested to 
us that hypoxia may induce the COX-2 gene through not 
only the NF-kB binding site but also the TATA box and 
other DNA-protein binding sites. 

Mechanism of NF-kB Activation by Hypoxia 

Previous work from our laboratory indicated that hypoxia 
activates the binding of NF-kB p65 to a consensus NF-kB 
oligonucleotide. We noticed that the NF-kB 5 '-binding site in 
the COX-2 promoter, which is -440 bp upstream from the 
transcription start site, did not have any contribution to the 
COX-2 promoter activity but did constitutively bind with 
normoxic and hypoxic HUVEC nuclear protein extracts. By 
comparison, hypoxia enhances protein binding to the NF- 
kB-3' binding site in the COX-2 promoter. We examined 
IkB-o and NF-kB p65 by Western blot in HUVEC cell 
lysates (Figure 2). a-Tubulin was used as an equivalent 
loading control. The protein level of both factors did not 
change between normoxia and hypoxia (from 30 minutes to 
24 hours). This suggests that the activation of NF-kB by 
hypoxia is regulated by posttranslational modification and/or 
binding factors such as IkB-ck in HUVECs. We reasoned that 
other factors like HMG I(Y) may play a role in the hypox- 
ia-specific binding of NF-kB transactivation factors to certain 
NF-kB elements. This hypoxia-specific interaction might 
occur through cooperative binding of HMG I(Y) to the AT 
region, facilitating binding of NF-kB p65 to the NF-kB -3' 
element. 

Hypoxia, HMG I(Y), and Nuclear Protein Binding 
to NF-kB-3' and TATA 

Hypoxic nuclear protein caused our radiolabeled NF-kB-3' 
oligonucleotide probe to shift electrophoretically. The com- 
bination of nuclear protein from hypoxic cells and the 
GST-HMG fusion protein produced a synergistically en- 
hanced shift, as seen in Figure 3. The range of GST-HMG 
protein used in a series of EMSA experiments revealed a 
maximal shift at 1 to 3 ng with a definite decrease in 
NF-kB-3' shift above this amount We also recorded that a 
GST protein without HMG had no effect on electrophoretic 
mobility. When hypoxic nuclear protein was used in this 
experiment, the shift intensified and was observed at lower 
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Figure 1. The search for hypoxia-related regulatory elements within the COX-2 promoter region. A, Schematic representation of the 
promoter regions of COX-2 23 and COX-1 39 relative to transcriptional start sites. Potential factor binding sites are shown on both the 
direct (up) and complementary (down) strands within -350 bp. CRE indicates cAMP response element. B, Transfection of HUVECs 
with plasmids driven by COX-2 promoter deletion constructs ligated to the luciferase reporter gene. Regions from -1800 bp, -304 bp, 
-245 bp, and -45 bp to +65 bp of the COX-2 promoter were cloned into pGL2-basic as pD4, pD3, pD2 P and pD1, respectively. After 
transfection by 2 jig of each construct and 0.5 /*g of pSV2PAP and subsequent stimulation by hypoxia for 24 hours, luciferase activity 
(LUC) and alkaline phosphatase activity (PAP) were assayed. The results are presented as ratios of LUC to PAP. Descriptive statistics 
(mean±SEM) were based on 3 to 5 independent experiments. 



doses of GST-HMG. When a TATA oligo was used for 
EMSA (Figure 4), multiple bands were shifted, correspond- 
ing to the shift of HMG I(Y) and TATA-binding protein 
(TBP) recorded in a previous study of TATA DNA-protein 
interactions. 12 Hypoxia induced increased shifting, as did 



HMG I(Y), suggesting a functional correlation between 
hypoxic induction of transcription and DNA binding with 
HMG I(Y) proteins at the TATA box as well as at the 
NF-kB-3' element of the COX-2 promoter. However, we 
cannot conclude that this DNA-protein interaction is of 
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Figure 2. Western blot analysis of 
NF-kB p65 and UB-a protein in 
HUVECs. Each lane contains 30 )±g cell 
lysate from HUVECs treated with a time 
course of hypoxia and normoxia as indi- 
cated. The same blot was hybridized to 
anti-NF-xB p65 and then to anti-kB-a 
antibody. The hybridization to antt-or- 
tubulin was used as a loading control. 
NF-kB and IkB-ck did not show any 
change during hypoxia. The results rep- 
resent 3 independent experiments. 
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functional significance given the limitations of EMSA; there- 
fore, further experiments were performed to examine the 
effect of HMG I(Y) proteins on COX-2 promoter function 
and gene expression. 

1 23456789 10 11 
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Figure 4. Hypoxia and HMG IfY) both increase nuclear protein 
binding to the COX-2 promoter TATA box by EMSA with the use 
of 2x1 0 4 cpm double-stranded TATA oligonucleotide as a probe. 
The top band appears to be attributable to HMG l(Y) binding to 
TATA DNA. Nuclear protein of HUVECs (6.0 tig) treated with con- 
tinued normoxia or 2 hours of hypoxia was used. Lanes 1 to 2 
demonstrate increased DNA-protein interaction in hypoxia. Lanes 3 
to 6 show that HMG l(Y) protein can mimic the effect of hypoxia in 
a dose-dependent manner. Cold probe (100x) in lane 7 blocks 
shifting. Heat treatment of the DNA-protein binding product at 
60°C for 5 minutes (lanes 8 to 9) reduced the amount of HMG l(Y>- 
attributable gel shifting. Lanes 10 and 11 are controls, in which 
BSA and HMG l(Y) protein were used alone. S indicates specific 
shift bands; NS, nonspecific shift band; N, normoxic nuclear pro- 
tein; and H, hypoxic nuclear protein. Note that the nonspecific 
band (lanes 8 and 9) is heat labile when compared with the spe- 
cific bands. 



Figure 3. Hypoxic nuclear protein (H) and HMG 
l(Y) both bind to NF-*B by EMSA, with the use of 
2X10 4 cpm NF-kB-3' oligonucleotide as a probe. 
Nuclear protein of HUVECs treated with contin- 
ued normoxia or 2 hours of hypoxia was 
assayed: 2.7 was used in lanes 1 to 9, 4.0 
was used in lanes 1 1 to 13, and 2.5 tig was used 
in lanes 14 to 16. Lanes 1 to 4 demonstrate the 
synergy between hypoxic nuclear protein and 
GST-HMG fusion protein in shifting the NF-kB-3' 
probe. NF-kB-3' was maximally shifted in nor- 
moxic nuclear protein (N) experiments by 3.0 ng 
GST-HMG fusion protein (range, 0.3 to 30.0 ng in 
lanes 5 to 8). When hypoxic nuclear protein was 
added to NF-kB-3' probe and GST-HMG (0.3 to 
30 ng in lanes 14 to 16), more shifting occurred 
with less GST-HMG. A 100-fold excess of cold 
NF-kB-3' oligo was added to block specific bind- 
ing in lane 9. BSA (5 /xg) was added to lane 1 0 
instead of nuclear protein. Lanes 11 to 13 dem- 
onstrate that GST protein (without the HMG 
fusion) has no effect on DNA-protein binding. S 
indicates specific shift bands; NS, nonspecific 
shift band. 

Upregulation of COX-2 Promoter Activity by 
HMG I(Y) 

To understand how HMG I(Y) regulates the expression of 
the COX-2 gene under hypoxia, we constructed an HMG I 
expression plasmid by replacing the luciferase gene with 
HMG I cDNA in the COX-2 promoter construct pD3, 
making pD3-HMG, in which the expression of the HMG I 
gene was driven by the COX-2 promoter. COX-2 promoter 
constructs ligated to luciferase reporters or HMG I were 
used to cotransfect the HUVECs. Expression of HMG I(Y) 
remarkably increased the COX-2 promoter activity in a 
dose-dependent manner under hypoxia (Figure 5A). Since 
HMG I(Y) itself is upregulated by hypoxia, as described 
later, the synergistic effect of HMG I(Y) and hypoxia 
greatly increased the expression of reporter gene compared 
with baseline. This stimulation is conspicuous and as 
strong as that of phorbol ester and lipopolysaccharide 22 or 
20% FCS. 20 pDl contains the basal promoter of the COX-2 
gene. We found that increased HMG 1(Y) could also 
upregulate the basal promoter activity of COX-2 in co- 
transfected HUVECs under hypoxia (Figure 5B). This 
effect was not dependent on the linkage between hypox- 
ia-sensitive elements in the COX-2 promoter and HMG 
I(Y) expression, as modeled with the pD3-HMG vector. 
Repeating these experiments with a constitutively active 
expression vector, pSV40-HMG( + ), demonstrated that a 
sufficient amount of HMG I(Y) could stimulate reporter 
gene expression by the COX-2 promoter as much as 
hypoxia could (Figure 5C). 

Transcription of COX-2 in Hypoxia 

Hypoxia had been previously shown to regulate the tran- 
scription of COX-2 via the NF-kB p65 transaclivation 
protein. We confirmed this finding using a nuclear runoff 
assay by hybridization of radiolabeled nascent transcripts 
to immobilized pBS-hgCOX-2-3', containing the 3' end 
(bases 4490 to 10488) of the human genomic COX-2 
sequence, 23 The positive control was demonstrated by 
hybridization to pBS-hCOX-1, containing a 1750-bp insert 
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Figure 5. Reporter gene assays using deletion constructs dem- 
onstrate that HMG l(Y) upregulates the expression of COX-2 
under hypoxic conditions. HUVECs were cotransfected with 
either 2 /ig of pD3, a luciferase reporter that demonstrates full 
COX-2 promoter activity in hypoxia (A and C), or pD1 , a similar 
luciferase reporter ligated to a basal COX-2 promoter (B). and 
either 0.5 to 4 p,g of pD3-HMG expression plasmid (A and B) or 
the constitutively active pSV-HMG(+) overexpression vector in 
the sense orientation (C). The nonexpressing plasmid pBS-HMG 
was used to control DNA concentration so that the total for all 
conditions was equal. Also, 0.5 /tg of the alkaline phosphatase 
plasmid pSV2PAP was used in each experiment for correcting 
the efficiency of transfection. Four to six independent transfec- 
tions were performed for each dose. Cell lysates were harvested 
24 hours after treatment with hypoxia and assayed for luciferase 
activity and alkaline phosphatase activity. Data were expressed 
as meaniSEM of LUC/PAP ratios. 



of COX-1 cDNA 29 ; the negative control was obtained 
using cDNA for pBluescript II SK( + ). Figure 6 illustrates 
the comparison between COX-1 and COX-2 transcripts 
obtained from nuclei from HUVECs that had been treated 
for 30 minutes, 2 hours, and 4 hours of hypoxia versus 
normoxia. Although transcription of the COX-1 gene did 
not change during hypoxia, transcription of the COX-2 
gene was increased by hypoxia. 



Regulation of HMG I(Y) Gene Expression by 
Hypoxia in HUVECs 

We investigated how hypoxia regulated the HMG T(Y) gene 
expression in HUVECs. Data are shown in Figure 7. We 
found that steady-state levels of HMG I(Y) mRNA were 
nearly doubled by hypoxia by 2 hours (Figure 7A). The peak 
prevalence of HMG I(Y) mRNA was reached between 2 and 
6 hours with the hypoxia treatment and subsequently tailed 
off. The change in mRNA was relatively small compared 
with the > 5-fold in increase HMG I(Y) protein caused by 
hypoxia (Figure 7B). We observed that protein prevalence 
also began to decrease after 6 hours of hypoxia. 

Effects of Sense and AntLsense HMG I(Y) on 
COX-2 Gene Expression 

We expressed sense and antisense HMG I(Y) RNA by 
transfecting HUVECs with constitutively active vectors 
[pSV40-HMG(+) and pSV40-HMG(-), respectively]. The 
effect of pSV40-HMG(+) on hypoxia-mediated increases in 
COX-2 immunoreactive protein are illustrated in Figure 8. 
All cells were exposed to equal amounts of DNA through 
balance transfection with empty vectors. This was important, 
since we found that transfected cells produced less COX-2 
than did cells that had not been transfected with a given 
amount of DNA. We found that overexpression of HMG 
proteins led to progressive increases in COX-2 due to 
hypoxia. Since there was virtually no COX-2 produced at 
baseline, we could not decrease COX-2 by antisense overex- 
pression in our model. However, using relative reporter gene 
activity as an index as illustrated in Figure 9, we documented 
that pSV40-HMG(-) inhibited and pSV40-HMG(+) stimu- 
lated luciferase reporter gene activity linked to the COX-2 
promoter. These experiments indicate a specific role lor 
HMG I(Y) proteins in the regulation of COX-2 gene expres- 
sion by hypoxia. 

Endothelial PGE 2 in Hypoxia 

The radioimmunoassay for PGE was performed on HUVEC 
media directly after 2 hours, 10 hours, 24 hours, and 48 hours 
of hypoxic or normoxic stimulation. Direct assay of cell 
culture medium for immunoactive PGE2 levels has been 
reported previously. 30 Assays on the normoxic cells were 
performed as controls for basal synthesis of PGE 2 . Parallel 
hypoxic ceils at each point were also pretreated with 4 /xg/mL 
indomethacin to block the cyclooxygenase activity. As shown 
in Figure 10, the PGE2 level was not changed after 2 hours of 
hypoxic stimulation but was slightly increased by hypoxia 
after 10 hours and 24 hours. PGE 2 was significantly increased 
after 48 hours of hypoxia compared with normoxia. Further- 
more, prctrcatment of cells with indomethacin eliminated the 
hypoxia-induced enhancement of the PGE 2 synthesis. The 
time course of the PGE 7 response also corresponds to that of 
COX-2 protein induction by hypoxia, 16 suggesting that the 
enhancement of the PGEj synthesis by hypoxia is dependent 
on increased COX-2 protein. 

Discussion 

The present study reveals for the first time that HMG I(Y) is 
upregulated by hypoxia in HUVECs. The time course of the 
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Figure 6. Nuclear runoff of nascent RNA transcripts reveals increased 
transcription of the COX-2 gene in hypoxia Radiolabeled RNA from 
nuclei obtained from HUVECs that had been exposed to normoxia or 
hypoxia was hybridized to immobilized pBS-hgCOX-2-3', containing 
the 3' end (bases 4490 to 10488) of the human genomic COX-2 
sequence. 28 The positive control was demonstrated by hybridization 
to pBS-hCOX-1 , containing a 1 750-bp insert of COX-1 cDNA. 29 
COX-2 transcription was demonstrably increased during hypoxia; no 
effect was seen on the positive control COX-1. The negative control 
pBluescript II SK(+) is not shown. 

response indicates that HMG I(Y) upregulation is an early 
event. The data herein suggest that HMG I(Y) proteins are 
constituents of an enhanceosome that regulates hypoxia- 
mediated transcription of COX-2 in a manner analogous to 



the synergistic roles of HMG I(Y) and NF-kB protein factors 
in induction of the human interferon-^ gene. 1 ** 31 The specific 
role of the HMG I(Y) protein family is indicated by direct 
effects of this protein on DNA- protein interactions and 
COX-2 gene expression, along with the ability of antisense 
RNA of HMG I(Y) to decrease COX-2 promoter activity. 

The cyclooxygenases catalyze the rate-limiting step in the 
synthesis of prostaglandins from arachidonic acid. Since the 
time course of the PGE 2 response to hypoxia in our experi- 
ments corresponds with that of COX-2 protein in hypoxia 16 
and the change in PGEa is inhibited by the cyclooxygenase 
inhibitor indomethacin, we propose that hypoxia increases the 
PGE2 level in human vascular endothelial cells via inducible 
COX-2 synthesis. Other studies have shown that the tran- 
scription of the HMG I(Y) gene is inducible in human 
lymphoid cells by phorbol esters and calcium ionophore 
stimulation. 2 However, the time course of the HUVEC HMG 
I(Y) response to hypoxia is shorter than that in response to 
phorbol ester in lymphoid tissue. HMG I(Y) has been linked 



4 f £ 




HMG l(Y) (1.9KB) 
18S RNA(1.9KB) 



.2 
x 



X 

o 
a. 



B 



■llll 



/ 



f 



i 



/ 




a-tubulin (55 kD) 



HMG l(Y) (24 kD) 



.ill. 



Figure 7. Upregulation of HMG i(Y) gene 
expression by hypoxia in HUVECs and 
the consequences of this upregulation 
on COX-2 expression. A, Northern blot 
analysis of HMG t(Y) mRNA. Total RNA 
(20 /ixj) was loaded In each lane. The 
total RNA was extracted from HUVECs 
treated with normoxia and a time course 
of hypoxia as indicated. Hybridization of 
18$ RNA was performed as a compara- 
tive control using a probe with fewer 
radioactive counts than the HMG l(Y) 
probe for clarity. The steady-state levels 
of HMG l{Y) mRNA nearly doubled during 
hypoxia. This blot is representative of 3 
separate experiments; the bar graph rep- 
resents the corresponding mean±SEM 
phosphorescent image density corrected 
for 18S as an index of lane loading 
(*P<0.05 vs normoxia). B, Western blot 
analysis of HMG l(Y) protein. Whole-cell 
lysate (30 vjq) was loaded in each lane. 
HUVECs were treated with normoxia and 
a time course of hypoxia before lysis. 
Hybridization with anti-a-tubulin was 
performed as a lane-loading control. 
HMG l(Y> protein was increased 5-fold 
by hypoxia, as illustrated in a bar graph 
of relative band density (mean±SEM, 
corrected for a-tubulin) from 3 separate 
experiments (*P<0.05 vs normoxia). 
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Figure 8. Effect of increasing HMG l(Y) 
expression on COX-2 protein in hypoxic 
HUVECs. Cells were transfected with 1.0 
tig total DNA [pSV40-HMG{+) or a blank 
pGL-2]. COX-2 protein was progressively 
increased by hypoxia and HMG overex- 
pression. The bar graph demonstrates 
the direction of the dose-response rela- 
tionship of hypoxia, HMG l(Y), and 
COX-2 immunoreactive protein (correct- 
ed for a-tubulin) from 3 separate 
experiments. 
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to carcinogenesis in pulmonary hamartomas 32 and uterine 
leiomyomata." We speculate, on the basis of our data, that 
HMG I(Y), COX-2, and PGE 2 are part of a proliferative, 
proinflammatory, and angiogenic response to hypoxia in 
cardiovascular diseases. 

COX-2 mRNA metabolism has been linked to the 
"AUUUA" motif in its 3' untranslated region. 23 There does 
not appear to he such a motif in the HMG 1(Y) 3' untranslated 
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Figure 9. Cotransfection of HUVECs with pD3, a luciferase pro- 
moter vector ligated to the COX-2 promoter region, and either 
pSV40-HMG(-) or pSV40-HMG<+) is illustrated in a bar graph 
of luciferase reporter gene activity, corrected for alkaline phos- 
phatase (AP) activity, from 3 separate experiments. We found 
that the antlsense HMG l(Y) vector led to decreased COX-2 pro- 
moter activity and that the sense HMG l(Y) vector increased 
COX-2 promoter activity (*P<0.05 vs control). 



region. 1 Therefore, another negative-feedback mechanism 
may be responsible for the reduction of HMG I(Y) RNA in 
HUVECs after prolonged hypoxia (24 hours). The transcrip- 
tional regulation afforded by HMG I(Y) is a function of the 
prevalence of the HMG I(Y) protein. 17, 54 35 Our results have 
shown that HMG I(Y) protein facilitates nuclear protein 
binding with NF-kB-3' and with TATA box elements. The 
increased HMG I(Y) expressed in hypoxic HUVECs appears 
to alter the conformation of the protein-DNA complex and 
the interaction between the basal transcription complex and 
promoter activity of genes including COX-2. Beyond a 
certain point, excess HMG I(Y) diminishes both NF-kB-3' 
and TATA binding to nuclear protein in hypoxia. This finding 
correlates with previous work documenting repression of 
transcription by excess HMG I(Y). 9 

High-level expression of HMG I(Y) is also found during 
embryonic development. 36 Previous studies demonstrate that 
HMG I(Y) stimulates the binding of Spl, NF-kB, and 
activating transcription factor-2 to DNA and that it can 
interact with TBR 5,9I(U1 We propose that HMG I(Y) mediates 
the induction of COX-2 by hypoxia on 3 levels: (1) HMG 
I(Y) may bind to the TATA box and interact with TBP, 
altering basal promoter activity; (2) HMG 1(Y) may facilitate 
Spl. NF-kB, and activating transcription factor-2 binding to 
DNA as a cofactor, increasing COX-2 enhanceosome func- 
tion at the promoter; and (3) binding of HMG I(Y) to AT-rich 
elements may change the conformation of DNA itself, focal- 
ly altering the helical structure of DNA and thereby acting 
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Figure 10. HUVEC production of PGE 2 is increased during hyp- 
oxia by a cyclooxygenase-dependent mechanism. Cells were 
incubated for 2 hours, 1 0 hours, 24 hours, and 48 hours under 
normoxic or hypoxic conditions. Some hypoxic cells were also 
pretreated with 4 /u.g/mL indomethacin to block the cyclooxy- 
genase activity. PGE 2 levels were assayed by radioimmunoas- 
say of culture medium. PGE? levels from normoxic cells are pre- 
sented as a control. Results are expressed in picograms per 
milligram protein as the mean±SEM (n=3), *P<0.05 compared 
with normoxia and hypoxia+ indomethacin. 

as a facilitator (or, when in excess, an inhibitor) of 
enhanceosome-mediated transcription. 

HMG I(Y) is a unique multifunctional regulator because it 
interacts with both DNA and many other factors. HMG I(Y) 
is known to cooperate with NF-kB and compete with NF-AT 
factors in binding to DNA. 11 HMG I(Y) can directly recog- 
nize and alter the structure of localized regions of chroma- 
tin, 17,35 thereby facilitating, inhibiting, or replacing the bind- 
ing of some factors. 91112 ' 37 ' 38 The interaction between HMG 
I(Y) and NF-kB p65 in the induction of COX-2 transcription 
by hypoxia provides new insight into the mechanisms of 
promoter-specific transcriptional regulation and cell-specific 
gene expression. Our data do not point to a one-protein/one- 
enhancer mechanism of transcription. In the case of COX-2, 
the enhanceosome model provides a template for our pro- 
posal that hypoxia-mediated transcription in vascular endo- 
thelium occurs when a specific combination of protein factors 
binds to specified sites within a promoter region. 
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Abstract 

Interleukin 6 (IL-6), a cytokine produced by skeletal cells, 
stimulates osteoclast recruitment. The IL-6 soluble receptor 
(sIL-6R) increases IL-6 activity, and IL-6 and sIL-6R levels 
are increased in conditions of increased bone resorption. We 
examined the production of IL-6 by primary rat osteoblasts 
(Ob cells) cultured in the presence of IL-6 and sIL-6R. IL-6 
alone did not induce IL-6 transcripts, but IL-6 was stimula- 
tory in the presence of sIL-6R. Furthermore, sIL-6R by it- 
self increased IL-6 transcripts. Cycloheximide superinduced 
IL-6 transcripts and did not prevent the effect of IL-6 and 
sIL-6R. IL-6 in the presence of sIL-6R stimulated IL-6 rates 
of transcription and the activity of IL-6 promoter fragments 
in transiently transfected Ob cells. 5' deletions of the IL-6 
promoter and targeted mutations of the multiple response 
element (MRE)/cAMP responsive element (CRE), the nu- 
clear factor for IL-6 (NF-IL-6), and the nuclear factor-KB 
(NF-kB) binding sites indicated that NF-IL-6 and NF-kB, 
in combination with MRE/CRE, binding sites are required 
for the induction of the IL-6 promoter by IL-6. In conclu- 
sion, IL-6 induces its own synthesis in osteoblasts by tran- 
scriptional mechanisms. This positive feedback may be im- 
portant in conditions of increased bone resorption. (J. Clin. 
Invest 1997. 100:1797-1803.) Key words: bone remodeling • 
osteoporosis • cytokines • DNA -binding sites • transcription 
factors 

introduction 

Interleukin 6 (IL-6), a pleiotropic cytokine with osteotropic 
activities, is produced by multiple cells in the skeletal tissue, in- 
cluding cells of the osteoblast and osteoclast lineage (1, 2). IL-6 
is considered an autocrine or paracrine mediator of bone re- 
sorption since it stimulates the development of osteoclasts 
from precursor cells (2, 3). IL-6 production in skeletal cells is 
stimulated by hormones, such as parathyroid hormone and 
1,25-dihydroxyvitamin D 3 , and by local cytokines, such as TNF 
and IL-1 (4-7). IL-6 may be an important intermediary in the 
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effects of these agents on bone resorption, and it appears to 
mediate the bone loss observed in the estrogen-deficient state 
(8). Myeloma cells are a source of IL-6, and thus, this cytokine 
may also be responsible for the increased bone resorption ob- 
served in patients with multiple myeloma (9-11). 

Although IL-6 appears to play a pivotal role in bone re- 
sorption, its mechanism of action is poorly understood. In co- 
culture systems of mouse osteoblasts and bone marrow cells, 
IL-6 stimulates the formation of multinucleated osteoclast- like 
cells in the presence but not in the absence of the IL-6 soluble 
receptor (SIL-6R) 1 (12). slL-6R can be generated by proteo- 
lytic cleavage of the IL-6 membrane-bound receptor, an 80-kD 
glycoprotein (gp-80), or by translation of an alternatively 
spliced RNA (13-15). Signal transduction occurs after the bind- 
ing of IL-6 to gp-80 and the association of the complex with 
two 130-kD glycoproteins (gp-130). The cytoplasmic domain of 
gp-80 is not required for IL-6 signaling, and the sIL-6R can 
mediate IL-6 signals since it retains ligand-binding activity (16). 

sIL-6R has been detected in biological fluids such as 
plasma, urine, and synovial fluid of healthy humans, and its 
levels, like those of IL-6, are elevated in conditions of in- 
creased bone resorption, such as multiple myeloma and estro- 
gen deficiency (17-19). This suggests that not only IL-6 but 
also its soluble receptor play a role in bone resorption. 

In this study, we examined whether IL-6 stimulates IL-6 
production in cultures of osteoblast-enriched cells from 22-d 
fetal rat calvariae (Ob cells). We also postulated that the slL-6R 
potentiates this autoregulation. Since IL-6 and sIL-6R levels 
are increased in conditions of increased bone resorption, IL-6 
autoregulation in osteoblasts may be critical for IL-6 paracrine 
effects on osteoclast development and bone resorption. We 
determined the mechanisms involved and studied the regula- 
tory elements of the rat IL-6 gene promoter responsible for 
the stimulatory effects of IL-6 and sIL-6R on IL-6 expression. 

Methods 

Cell culture. The culture method used was described in detail previ- 
ously (20, 21). Parietal bones were obtained from 22-d-old fetal rats 
immediately after the mothers were killed by blunt trauma to the 
nuchal area. This project was approved by the Animal Care and Use 
Committee of Saint Francis Hospital and Medical Center. Cells were 
obtained by five sequential digestions of the parietal bone using bac- 
terial collagenase (CLS II; Worthington Biochemical Corp., Free- 
hold, NJ). Cell populations harvested from the third to fifth diges- 
tions were cultured as a pool. These cells were shown previously to 
express osteoblastic characteristics, including the production of type 1 
collagen, high levels of alkaline phosphatase activity and osteocalcin, 



1. Abbreviations used in this paper: AP-1, activation protein-1; CMV, 
cytomegalovirus; CRE, cAMP responsive element; gp-80 and gp-130, 
80- and 130-kD glycoproteins; MRE, multiple response element; NF- 
1L-6, nuclear factor for IL-6; NF-kS, nuclear factor-Kb; Ob cells, pri- 
mary rat osteoblastic cells; S1L-6R, IL-6 soluble receptor. 
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and an increase in cAMP after exposure to parathyroid hormone 
(22). Ob cells were plated at a density of 8,000-12,000 cells/cm 2 and 
cultured in a humidified 5% CO z incubator at 37°C, maintaining a pH 
of 7.5. Cells were cultured in DME supplemented with nonessential 
amino acids (Life Technologies, Grand Island, NY) and 10% FBS 
(Summit, Fort Collins, CO). For RNA analysis, cells were grown to 
confluence (~ 50,000 cells/cm 2 ), transferred to serum-free medium 
for 20-24 h, and exposed to test agents in serum-free medium for 2-48 h, 
as indicated in the text and legends. For treatments lasting 48 h, test 
and control cultures were replaced with fresh solutions after 24 h. For 
the nuclear run-on experiment, subconfluent cultures of Ob cells 
were trypsinized, subcultured at 1:10 dilution, and grown to confluence 
in DME supplemented with 10% FBS. Cells were serum-deprived for 
24 h, and treated for 2 or 6 h in serum-free DME. For transient trans- 
fections, cells were grown to 70% confluence, transfected in 10% 
FBS, serum-deprived, and treated. Recombinant human 1L-6 and 
slL-6R (R&D Systems, Inc., Minneapolis, MN) were dissolved in 
PBS containing 0.1% BSA; an equal amount of PBS containing BSA 
was added to control cultures. Cycloheximide (Sigma Chemical Co., 
St. Louis, MO) was added directly to the culture medium. 

Northern blot analysis. Total cellular RNA was isolated with 
guanidine thiocyanate, at acid pH, followed by phenol-chloroform 
(Sigma Chemical Co.) extraction, or isolated by RNeasy ICit per manu- 
facturer's instructions (QLAGEN Inc., Chatsworth, CA) (23). RNA was 
precipitated with isopropanol, resuspended, and reprecipitated with 
ethanol. The RNA recovered was quantitated by spectrometry, and 
equal amounts of RNA from control or test samples were loaded on a 
formaldehyde agarose gel after denaturation. The gel was stained 
with ethidium bromide to visualize rRNA, documenting equal RNA 
loading of the various experimental samples. RNA was then blotted 
onto GeneScreen Plus charged nylon (DuPont, Wilmington, DE), and 
the uniformity of transfer was documented by revisualization of 
rRNA. A 900-bp BamHl/Pstl restriction fragment of rat 1L-6 cDNA, 
and a 700^bp BamHiySphl fragment of a mouse 18S rRNA cDNA 
clone (both from American Type Culture Collection, Rockville, MD) 
were purified by agarose gel electrophoresis (24). 1L-6 and 18S rRNA 
cDNAs were labeled with [a-^PjdATP and [a- 32 P]dCTP (50 \lC\ 
each at a specific activity of 3,000 Ci/mmol; DuPont) using the ran- 
dom hexanucleotide primed second-strand synthesis method (25). 
Hybridizations were carried out at 42°C for 16-48 h, and posthybrid- 
ization washes were performed at 65°C in lx SSC. The bound radio- 
active material was visualized by autoradiography on X-AR5 film 
(Eastman Kodak Co., Rochester, NY), employing Cronex Lightning 
Plus intensifying screens (DuPont). Relative hybridization levels 
were determined by densitometry. Northern blot analyses shown are 
representative of three or more cultures. 

Nuclear run-on assay. To examine changes in the rate of tran- 
scription, nuclei were isolated by Dounce homogenization in a Tris 
buffer, pH 7.4, containing 0.5% NP-40 (26). Nascent transcripts were 
labeled by incubation of nuclei in a reaction buffer containing 500 \iM 
each ATP, CTP, and GTP, 150 U RNasin (Promega Corp., Madison, 
Wl), and 250 uCi [a- 32 P]UTP (3,000 Ci/mmol; DuPont) (27). RNA 
was isolated by treatment with DNase 1 and proteinase iC, followed 
by phenol-chloroform extraction and ethanol precipitation. Linear- 
ized plasmid DNA containing ~1 |ig cDNA was immobilized onto 
GeneScreen Plus by slot blotting according to manufacturer's direc- 
tions (DuPont). The plasmid vector pGL2-Basic (Promega Corp.) 
was used as a control for nonspecific hybridization, and a mouse 18S 
rRNA cDNA clone was used to estimate uniformity of the loading. 
Equal counts per minute of 32 P-RNA from each sample were hybrid- 
ized to cDNAs at 42°C for 72 h and washed in lx SSC at 65°C for 20 
mia Hybridized cDNAs were visualized by autoradiography, and 1L-6 
hybridization levels were determined by densitometry. 

Transient trans factions. To determine changes in promoter activ- 
ity, chimeric constructs of the 5' flanking region of the 1L-6 promoter 
and the luciferase reporter gene (kindly provided by Dr. G. Fey, 
Friedrich- Alexander Universitat, Erlangen, Germany) were tested 
(28). Ob cells were cultured to ~ 70% confluence and transiently 



transfected by calcium phosphate-DNA coprecipitation as described 
(29). A construct containing the cytomegalovirus (CMV) promoter- 
driven 3-galactosidase gene (Clontech, Palo Alto, CA) was used to 
control for transfection efficiency. After 4 h, cells were exposed for 3 
min to 10% glycerol. Ob cells were allowed to recover in serum-con- 
taining DME for 24 h, serum-deprived for 20-24 h, and exposed to 
control or test medium for 6-24 h as described in text and legends. 
Cells were washed with PBS and harvested in reporter lysis buffer 
(Promega Corp.). Luciferase activity was measured using a luciferase 
assay kit (Promega Corp.), and 0-galactosidase activity was measured 
using Galacton reagent (Tropix, Inc., Bedford, MA), both in accor- 
dance with manufacturer's instructions. Luciferase activity was cor- 
rected for fi-galactosidase activity, and data were expressed as treated/ 
control ratios. Data are presented as means ±SEM. Statistical differ- 
ences were determined by ANOVA and post hoc examination by 
Ryan-Einot-Gabriel- Welsh F test (30, 31). 

Site-directed mutagenesis. Site-directed mutagenesis was performed 
using the method of gene splicing by overlap extension or by using 
the Morph Mutagenesis Kit (5 Prime -> 3 Prime, Inc., Boulder, CO) 
(32). The Morph Mutagenesis Kit was used in accordance with manu- 
facturer's instructions to create targeted mutations of the multiple re- 
sponse element (MRE)/cAMP responsive element (CRE) and of the 
nuclear factor for 1L-6 (NF-1L-6), alone or in combination (Fig. 1). 
Gene splicing by overlap extension was used to create mutations of 
the nuclear facto r-KB (NF-kB), alone or in combination with NF-1L-6 
(double mutation) or with MRE/CRE and NF-1L-6 (triple mutation). 
For this purpose, wild-type and mutant constructs were generated by 
PCR using a 5' primer containing a Sacl restriction site on the 5' end 
and the sequence corresponding to bp -257 to -249 of the rat 1L-6 
promoter (5 AGGCGAGCTCAA AG A AAG A-3' ), in the presence 
of a 3' primer corresponding to bp +6 to +20 of the rat 1L-6 gene that 
included an Xhol restriction site on the 3' end (5'-CCGCTCGAGA- 
CAGAATGA-3'). A chimeric construct containing bp -257 to +20 
of the 1L-6 promoter was used as a template. Mutant sense and anti- 
sense primers, used to synthesize the intermediate products, con- 
tained nucleotide sequences corresponding to the known consensus 
sequences of the binding sites with two or three altered bases, creat- 
ing the desired targeted mutations (Fig. 1). Targeted multiple muta- 
tions of NF-1L-6 and NF-kB (double mutation) or MRE/CRE, NF- 
1L-6, and NF-kB (triple mutation) were generated by PCR using 
mutant sense and antisense primers for NF-kB in the presence of the 



1 . Targeted mutations of MRE and NF-IL-6 binding sites 



-168 -154 
[ MRE | NF-IL-6 CAAT 
ttctttggatgctaaat^cg^cart^^^tcttaataaggtttcTaalca 



CRE 



5' gatgctaaatCCTgtcacattgtgca 3' 

5' cacattgtgcaGGAtlaalaaggttt 3' 
5' gatgctaaatCCTgtcacattgtgcaGCAttflatanggttt 3' 

| 2, Targeted mutation of NF-kB binding site | 

f NF-kB AP-1 
aaagatmtatcaaatg tgggattttccca t^agtctcaaaag 

5' caaatgtgggatCCtcccatgagtct 3' 

Figure J. Oligonucleotides used for targeted mutation analysis of the 
IL-6 gene. Bold, Wild-type sequence of the 1L-6 promoter. Capital 
letters within the primers indicate mutations used to alter the se- 
quence of MRE/CRE, NF-IL-6, and NF-kB binding sites. 
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F/gurc 2. Effect of 1L-6 at 100 and slLr6R (sR) at 125 ng/ml, singly 
and in combination, on 1L-6 mRNA levels in cultures of Ob cells 
treated for 2-48 h. Total RNA from control or treated cells was sub- 
jected to Northern blot analysis and hybridized with an [ot- 32 P]- 
labeled 1L-6 cDNA. 1L-6 transcripts of 1.2 and 2.4 kb were visualized 
by autoradiography. Blots were stripped and re hybridized with an 
[ct- 32 P]-labeled 18S rRNA cDNA. Upper panel, 1L-6 transcripts. 
Lower panel, 18S rRNA transcripts. 
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Figure 4. Effect of slL-6R (SR) at 31-250 ng/ml in the presence (+ ) 
or absence (-) of 1L-6 on 1L-6 mRNA levels in cultures of Ob cells 
treated for 6 h. Total RNA from control, 1L-6-, or slL-6R-treated 
cells was subjected to Northern blot analysis and hybridized with an 
[a- 32 P]-labeled 1L-6 cDNA. 1L-6 transcripts of 1.2 and 2.4 kb were vi- 
sualized by autoradiography. Blots were stripped and rehybridized 
with an [oc- 32 P]-labeled 18S rRNA cDN A. Upper panel, 1L-6 tran- 
scripts. Lower panel, 18S rRNA transcripts. 



NF-1L-6 or MRE/CRE and NF-1L-6 mutated constructs as a tem- 
plate. Newly synthesized wild-type and target-mutated 1L-6 promoter 
fragments were cloned into pGL-3 Basic (Promega Corp.) containing 
a luciferase reporter gene. Sequences of the wild-type and mutated 
constructs generated by either the Morph Mutagenesis Kit or PCR 
were confirmed by DNA sequence analysis using the Sequenase Ver- 
sion 2.0 DNA sequencing kit (United States Biochemical Corp., 
Cleveland, OH). 

Results 

Northern blot analysis of total RNA from serum-deprived 
confluent Ob cells revealed limited expression of a 1.2- and a 
2.4-kb 1L-6 transcript. 1L-6 by itself did not induce 1L-6 tran- 
scripts, but in the presence of siL-6R, 1L-6 caused a time- and 
dose-dependent stimulation of 1L-6 mRNA levels (Figs. 2 and 
3). 1L-6 at 100 ng/ml in the presence of slL-6R at 125 ng/ml in- 
duced 1L-6 mRNA levels after 2 h; the effect was maximal af- 
ter 6 h, and was sustained for 24-48 h (Fig. 2). In the presence 
of slL-6R, the effect of 1L-6 was observed at concentrations of 
1-300 ng/ml (Fig. 3). slL-6R at 31-250 ng/ml also caused a dose- 
dependent induction of 1L-6 mRNA, and this effect was ob- 



IL6 0 1 10 100 300 0 1 10 100 300 

sR + + + + 




Figure 3. Effect of 1L-6 at 1-300 ng/ml in the presence (+) and ab- 
sence (-) of slL-6R (sR) at 125 ng/ml on 1L-6 mRNA levels in cul- 
tures of Ob cells treated for 6 h. Total RNA from control, 1L-6-, or 
sI1^6R-treated cells was subjected to Northern blot analysis and hy- 
bridized with an [a- 32 P]-labeled 1L-6 cDN A. 1L-6 transcripts of 1.2 
and 2.4 kb were visualized by autoradiography. Blots were stripped 
and rehybridized with an [a- 32 P]-labeled 18S rRNA cDN A. Upper 
panel, 1L-6 transcripts. Lower panel, 18S rRNA transcripts. 



served in the presence and absence of 1L-6 at 100 ng/ml (Fig. 
4). To determine whether the autoregulation of 1L-6 was de- 
pendent on protein synthesis, Ob cells were treated for 6 h 
with 1L-6 at 100 and slL-6R at 125 ng/ml in the presence or ab- 
sence of the protein synthesis inhibitor cycloheximide at 3.6 p.M. 
Cycloheximide superinduced 1L-6 mRNA levels and did not 
prevent the effect of 1L-6 and slL-6R (Fig. 5). 

To analyze the mechanisms involved in the autoregulation 
of 1L-6, we examined the effects of 1L-6 and slL-6R on the rate 
of transcription of the 1L-6 gene by a nuclear run-on assay per- 
formed on nuclei from Ob cells exposed to control medium or 
to 1L-6 at 100 and slL-6R at 50 ng/ml for 2 and 6 h. After 6 h, 
1L-6 in the presence of slL-6R increased 1L-6 transcription 
rates 2-2.5 -fold, demonstrating a transcriptional effect (Fig. 6). 

To confirm that 1L-6 autoregulation occurs by transcrip- 
tional mechanisms, and to define gene elements responsible 
for the effect, Ob cells were transfected transiently with chi- 
meric constructs containing fragments of the 1L-6 promoter 
linked to the reporter gene luciferase. The effects of 1L-6 at 
100 and slL-6R at 125 ng/ml alone or in combination were 
tested for 6-24 h on a bp -2906 to +20 fragment of the rat 1L-6 
promoter. 1L-6 or slL-6R alone caused a small, for the most 
part not statistically significant, stimulatory effect on promoter 



FigureS. Effect of 1L-6 
at 100 and slL-6R (SR) 
at 125 ng/ml in the pres- 
ence (+) or absence 
( - ) of cycloheximide 
(Cx) at 3.6 |xM on 1L-6 
mRNA levels in cul- 
tures of Ob cells treated 
for 6 h. Total RNA 
from control, cyclohex- 
imide-, or 1L-6 + slL- 
6R-treated cells was 

subjected to Northern blot analysis and hybridized with an [a- 32 P]- 
labeled 1L-6 cDN A. 1L-6 transcripts of 1.2 and 2.4 kb were visualized 
by autoradiography. Blots were stripped and rehybridized with an 
[a- 32 P]-labeled 18S rRNA cDNA. Upper panel, 1L-6 transcripts. 
Lower panel, 18S rRNA transcripts. 
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F^ure 6. Effect of 1L-6 at 100 ng/ml in the presence of SIL-6R (SR) 
at 50 ng/ml on IL-6 transcription rates in cultures of Ob cells treated 
for 2 and 6 h. Nascent transcripts from control (-) or 1L-6- and 
slL-6R (+)-treated cultures were labeled in vitro with [ct- 32 P]UTP, 
and the labeled RN A was hybridized to immobilized cDN A for 1L-6. 
18S rRNA cDNA was used to demonstrate loading, and pGL2-Basic 
vector DNA was used as a control for nonspecific hybridization. 



activity (Fig. 7). However, IL-6 at 100 ng/ml, in the presence of 
slL-6R at 125 ng/ml, caused an eightfold increase in promoter 
activity after 6 h, and a 13-16-fold stimulation after 16 and 24 h 
(Figs. 7 and 8). To characterize the regulatory elements in- 
volved, 5' deletion constructs of the IL-6 promoter ranging 
from bp -2906 to +20 to bp -34 to +20 were tested in six dif- 
ferent experiments. 5' deletions from bp -2906 to —257 of the 
IL-6 promoter resulted in a decrease in the basal activity of the 
IL-6 promoter (not shown), but did not preclude the response 
to IL-6 in the presence of slL-6R. IL-6 with slL-6R induced 
the bp -276 to +20 and the bp -257 to +20 of the IL-6 pro- 




cure 7. Effect of IL-6 at 100 and slL-6R (SR) at 125 ng/ml, singly 
and in combination, on IL-6 promoter activity in transiently trans- 
fected Ob cells. Ob cells were transfected with 35 fxg DNA of a chi- 
meric construct containing the rat IL-6 promoter sequence of bp 
-2906 to +20 linked to a luciferase reporter gene by calcium phos- 
phate-DNA coprecipitation. To control for transfection efficiency, 
10 u>g of a CM V-p-galactosidase expression vector was cotransfected. 
24 h after transfection, Ob cells were serum-deprived for 20-24 h and 
exposed to IL-6 or slL-6R singly and in combination for the indicated 
periods of time. Cells were harvested, and luciferase activity was de- 
termined, corrected for p-galactosidase activity, and expressed as 
treated/control ratios for each individual time period studied. Values 
are means ± SEM of 18-24 observations pooled from four indepen- 
dent experiments; SEM not shown were too small to be depicted. 
•Significantly different from control (P < 0.05). 
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Figure 8. Effect of IL-6 at 100 ng/ml, in the presence of slL-6R (SR) 
at 125 ng/ml, on IL-6 promoter activity in transiently transfected Ob 
cells. Ob cells were transfected with 35 p-g DNA of chimeric con- 
structs containing fragments of the IL-6 promoter linked to a lu- 
ciferase reporter gene by calcium phosphate-DNA coprecipitation. 
The 5' deletion endpoints of the IL-6 promoter are indicated (bot- 
tom). To control for transfection efficiency, 10 ug of a CMV-p-galac- 
tosidase expression vector was cotransfected. 24 h after transfection, 
Ob cells were serum-deprived for 20-24 h and exposed to IL-6 in the 
presence of siL-6R for 16 h. Cells were harvested and analyzed, and 
luciferase activity was determined, corrected for (3-galactosidase ac- 
tivity, and expressed as treated/control ratios for each construct 
tested. Values are means±SEM of 22-33 observations, pooled from 
six independent experiments; SEM not shown were too small to be 
depicted. * Significantly different from respective control (P < 0.05). 
(Bottom) Putative cis-regulatory elements of the rat IL-6 promoter 
with their approximate locations relative to the major start site. Bars, 
5' deletion points of the truncated constructs used. 



moter construct by 11- and 8-fold, respectively. In individual 
experiments, we were unable to detect consistent differences 
in the response of these two constructs. Deletion to bp -154 
and to bp -105 resulted in a partial loss of the stimulatory ef- 
fect of IL-6 and its soluble receptor, and together they in- 
creased the activity of the two constructs five- to sixfold (Fig. 
8). The basal activity of the bp -34 to +20 IL-6 promoter frag- 
ment was decreased dramatically (not shown), and IL-6, with 
sIL-6R, did not modify the activity of this construct. These re- 
sults suggest that MRE/CRE, NF-1L-6, and NF-kB binding 
sites contained in the bp -257 to +20 region of the IL-6 gene 
are potentially necessary for the response to IL-6 and slL-6R. 

To define the elements responsible for the autoregulation 
of IL-6, a bp -257 to +20 fragment of the IL-6 promoter was 
cloned into pGL-3 Basic, and targeted mutations of the known 
consensus sequences of MRE/CRE, NF-IL-6, and NF-kB 
binding sites were made singly or in combination and tested in 
two separate experiments, which revealed analogous results. 
In the experiment shown in Fig. 9, IL-6 and sIL-6R increased 
the activity of the bp -257 to +20 wild- type IL-6 construct six- 
fold. Targeted single mutations of NF-IL-6, NF-kB, or MRE/ 
CRE binding sites resulted in a decrease in the response to IL-6 
and its soluble receptor (all P < 0.05 vs. wild-type). The com- 
bined NF-IL-6 and NF-kB or MRE/CRE and NF-IL-6 muta- 
tions resulted in a comparable decrease in the response to IL-6 
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mutations 



Figure 9. Effect of IL-6 at 100 ng/ml, in the 
presence of slL-6R (SR) at 125 ng/ml, on 
IL-6 promoter activity in transiently trans- 
fected Ob cells. Ob cells were transfected 
with 35 |xg of a chimeric construct contain- 
ing a bp -257 to +20 fragment of the 1L-6 
promoter, with or without mutations of 
MRE, NF-1L-6, and NF-kB alone or muta- 
tions of the combinations MRE and 
NF-1L-6, NF-1L-6 and NF-kB, and MRE, 
NF-1L-6, and NF-kB. Constructs were 
linked to a luciferase reporter gene and 
transfected by calcium phosphate-DN A 
coprecipitation. To control for transfection 
efficiency, 10 u,g of a CMV-p-galactosi- 
dase expression vector was cotransfected. 
24 h after transfection, Ob cells were se- 
rum-deprived for 20-24 h and exposed to 
1L-6 in the presence of slL-6R for 16 h. 
Cells were harvested, and luciferase activ- 
ity was determined, corrected for {3-galac- 
tosidase activity, and expressed as treated/ 
control ratios for each construct tested. 
Values are means±SEM of six observa- 
tions. ""Significantly different from control 
(P < 0.05). 



and slL-6R, which was more pronounced than the decrease 
observed with single mutations (P < 0.05). The triple mutation 
of MRE/CRE, NF-1L-6, and NF-kB resulted in a total loss of 
the 1L-6 promoter response to 1L-6 and slL-6R (P < 0.05 vs. 
wild-type, and all constructs with single or double mutations). 

Discussion 

In these studies, we have demonstrated that 1L-6 in the pres- 
ence of its soluble receptor induces 1L-6 mRNA in Ob cells. 
Although 1L-6 has been shown to induce 1L-6 mRNA in the 
osteoblastic cells MC3T3-E1, the effect was small and only de- 
tected by reverse transcription-PCR (33). The lack of an 1L-6 
effect when tested alone is probably due to the low level of ex- 
pression of the membrane-bound 1L-6 receptor in Ob cells or 
due to receptor downregulation. 1L-6 binds an 80-kD surface 
glycoprotein, and the lL-6/surface receptor complex associates 
with gp-130 molecules, which activate the JAK/STAT signal 
transduction pathway (34). A soluble form of the 1L-6 receptor 
is present in human and mouse serum and was found to en- 
hance the effects of 1L-6 in various cell types, including osteo- 
clasts (12, 17, 35). Similarly, we showed that the effects of 1L-6 
on 1L-6 transcripts in Ob cells were observed in the presence 
of its soluble receptor. Moreover, increasing concentrations of 
siL-6R induced 1L-6 transcripts in the absence of exogenous 
1L-6, suggesting that endogenous 1L-6 is produced in sufficient 
amounts to induce its own synthesis in the presence of its solu- 
ble receptor. 

The slL-6R is a 55-kD protein generated by proteolytic 
cleavage of the membrane-bound receptor at a site adjacent to 
the transmembrane domain, or by translation of an alterna- 
tively spliced RN A (13-15, 36, 37). The slL-6R binds 1L-6 with 
similar affinity as the membrane-bound receptor, and the com- 
plex can elicit 1L-6 signaling in cells that do not express cell sur- 
face-associated receptor, provided that they express gp-130 



(14). This indicates that the slL-6R is sufficient to mediate 1L-6 
action. slL-6R can be measured in human serum, and elevated 
levels are associated with conditions of increased bone resorp- 
tion, such as multiple myeloma or estrogen deficiency (18, 19). 
However, it is not known whether or not osteoblasts or other 
cells present in the bone environment produce slL-6R. The 
concentrations of slL-6R used in these studies are similar to 
those found in serum, suggesting that the amplification of the 
1L-6 effect by its soluble receptor is physiologically or patho- 
logically relevant. 

To study the mechanisms of 1L-6 stimulation of its own 
synthesis, we tested the effect of the protein synthesis inhibitor 
cycloheximide. As previously described, cycloheximide super- 
induced 1L-6 transcripts, suggesting stabilization of 1L-6 
mRNA (38). In the presence of cycloheximide, 1L-6 and slL-6R 
had an additive effect on 1L-6 mRNA levels, demonstrating 
that 1L-6 autoregulation is not protein synthesis dependent. In 
addition, we have shown that the autoregulation of 1L-6 occurs 
at the transcriptional level, since 1L-6 in the presence of slL-6R 
enhanced 1L-6 rates of transcription and promoter activity. 
Using 5' deletion constructs, we demonstrated that a bp -257 
to +20 fragment of the 1L-6 promoter is responsive to 1L-6 
and slL-6R. The -257 to + 20 region of the IL-6 gene contains 
important sequences, including MRE/CRE, NF-1L-6, and 
NF-kB binding sites, and these sequences are essential for the 
response of IL-6 to 1L-1 and TNF-a (39, 40). In hepatocytes, 
IL-6 increases NF-1L-6 mRNA levels and NF-1L-6 binding ac- 
tivity (40, 41). In this study, we demonstrated that an NF-1L-6 
binding site is necessary for the response of the IL-6 promoter 
to IL-6, but mutation of the NF-1L-6 binding site was not suffi- 
cient to abolish the response to IL-6. Even though experiments 
using 5' deletion constructs indicated that MRE/CRE or NF-kB 
binding sites are involved in the response to IL-6 and its solu- 
ble receptor, single targeted mutations of MRE/CRE or NF-kB 
did not abrogate the response of the IL-6 promoter. When NF- 
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IL-6 and NF-kB binding sites were mutated in combination, 
the response of the IL-6 promoter to IL-6 and sIL-6R was de- 
creased further, and when all three binding sites were mutated, 
no response to IL-6 and sIL-6R was observed. These results in- 
dicate that MRE/CRE, NF-IL-6, and NF-kB could operate 
synergistically, an observation supported by previous work 
demonstrating that both NF-IL-6 and NF-kB binding sites are 
required for the regulation of immune and acute-phase re- 
sponse genes such as the IL-6 gene (42). Similar to our results, 
prostaglandin and cAMP activation of the IL-6 gene require 
MRE, NF-IL-6, and NF-kB binding sites as well as an activa- 
tion protein-1 (AP-1) binding site (43). In this study, we were 
unable to detect consistent differences in the response of the 
bp -276 to +20 and bp -257 to +20 construct to IL-6 and sIL- 
6R, indicating that the AP-1 site located at bp -263 to -269 of 
the IL-6 promoter probably does not play a central role in the 
autoregulation of IL-6 in osteoblasts. Additional regulatory 
binding sites upstream of bp -276 may be required for the IL-6 
promoter response to IL-6 and slL-6R, since deletions from bp 
-2906 to -276 resulted in a decrease in the response to IL-6 
and slL-6R. 

In conclusion, IL-6 synthesis is autoinduced in osteoblastic 
cells by transcriptional mechanisms, an effect that requires the 
presence of sIL-6R. IL-6 autoregulation may play a central 
role in the effects of IL-6 on bone resorption. 
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The GPA1,STE4 9 and STEI8 genes of Saccharvmyces cerevisiae encode the a, 0, and 7 summits, respectively 
Proton involved in the mating response pathway. We have found that mutations G124D. W136G 
W136R, and AL138 and double mutations W136R L138F and W136G SI51C of the Ste4 protein cause* 
constitutive activation of the signaling pathway. The W136R L138F and W136G S151C mutant Ste4 proteins 
were tested in the two-hybrid protein association assay and found to be defective in association with the Goal 
protein. A mutation at position E307 of the Gpal protein both suppresses the constitutive signaling phenorype 
of some mutant Ste4 proteins and allows the mutant « s> bunit to physically associate with a specific mutant 
G0 subunit The mutation in the Gpal protein is adjacent to the hinge, or switch, region that is required for 

^r^f^S? W ^ Ch tn8 E erS SUbunit dlssociation - °* toe ™tation does not affect the interaction 
of the a subumt with the wild-type 3 sabunit Yeast cells constructed to contain only the mutant a and B 
subunits mate and respond to pheromones, although they exhibit partial induction of the pheromone response 
pathway. Because the ability of the modified Got subunit to suppress the Ste4 mutations is allele specific^ is 
likely that the residues defined by this analysis play a direct ro.e in G-protein subunit association? 



Heterotrimeric G proteins function to transmit signals from 
a variety of cell surface receptor proteins to intracellular 
signaling components through a common molecular mecha- 
nism (32). The a and 07 subunits of heterotrimeric G proteins 
undergo an association-dissociation cycle in response to the 
interaction between the cell surface receptor and the recep- 
tor's cognate ligand. This association-dissociation cycle is 
regulated by guanine nucleotides. Unstimulated receptors are 
coupled to nonactivated G proteins in which the subunits are 
associated, and GDP is bound to the a subunit. The ligand- 
bound receptor stimulates exchange of the bound GDP for 
GTP, and this exchange triggers subunit dissociation; subse- 
quent GTP hydrolysis allows reassociation of the subunits and 
a return to the resting state. This cycle predicts that the a 
subunit of G proteins is capable of undergoing a conforma- 
tional change which modifies its affinity for the 07 subunit (9). 

We have used a genetic approach to identify specific regions 
of the G protein a and 0 subunits that are important for their 
proper association with each other. The strategy of defining 
molecular interactions through genetics can supplement or 
even correct direct structural studies and can provide a high 
level of resolution (13, 33, 45). Previous approaches to inves- 
tigating the associations among G-protein subunits have shown 
that deletion of the amino terminus of Get blocks association of 
the Got and G0 subunits (10), while mutations in the switch box 
of G s a prevent a-0 dissociation in response to ligand stimu- 
lation of receptor (23), Furthermore, mutation of Cys-215 of 
G 0 a prevents cross-linking to £7, although the mutant a 
subunit still binds to 07 (38). In addition, several regions of 
transducin 0 have been implicated in the a-0 interaction, 
because antibodies raised to peptides defining the amino 
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terminus, codons 127 to 136 and codons 256 to 265, of 
transducin pi block interaction with transducin a (25). These 
results provide a general map of potential sites of a-0 inter- 
actions but lack the resolution that can be provided by a 
mutant selection approach. 

The mating response of the yeast Saccharvmyces cerevisiae is 
controlled by a hererotrimeric G protein (22) encoded by the 
GPA1 (SCG/), STE4, and STE18 genes (11, 24, 43). The Ste4 
and Stel8 proteins associate to form the 07 dimer (7), which 
serves to activate downstream signaling components, such as 
the Ste20 kinase (20). The Gpai protein also associates with 
the Ste4 protein (7): the rnle of Opal is to shut off the 
pheromone response by forming the inactive heterotrimer. 
Mutations which delete or inactivate the GPAl gene result in 
constitutive activation of the signaling pathway (11, 24). A 
similar phenotype is created by a dominant mutation of the 
STE4 gene that activates the pathway (2). The behavior of this 
allele, designated Hpl because activation of the pathway causes 
cell cycle arrest and such alleles are thus haploid lethal, is 
consistent with the creation of a Ste4 protein with a reduced 
affinity for the a subunit. 

We screened mutagenized libraries of the STE4 gene to 
identify additional mutant G0 subunits that could activate the 
response pathway, in this case, even in the presence of high 
levels of the Gpal protein. We used the two-hybrid protein 
association assay (6, 12) to determine whether these mutant 
proteins were defective in association with the wild-type a 
subunit, and we also used the mutant G0 subunits in a search 
for suppressor mutations whi*h occurred within the Gpal 
protein. This genetic approach has identified specific residues 
which are important in the proper association of the yeast a 
and 0 subunits. 



MATERIALS AND METHODS 

Strains, transformations, and media. Strain W303-1A has 
the genotype A147a ade2 his3 leu2 trpl ura3 can!. SY2366 is an 



3223 



3224 WHITEWAY ET AL. 



Mol. Cell Biol. 



a/a diploid that is homozygous for the markers bga!4 Agal80 
his3 leu2 pGALNacZ (7). Strain DC17 has the genotype 
MATa his I (20). Standard genetic techniques were used (30), 
and yeast transformations were performed essentially by the 
lithium acetate procedure (15). Rich yeast medium was 1% 
yeast extract plus 2% Bacto Peptone containing either 2% 
glucose (YPD medium) or 2% galactose (YPGal). Selective 
yeast medium contained 0.67% yeast nitrogen base without 
amino acids, supplemented with the appropriate amino acids 
and nutrients and containing 2% of the desired carbon source 
(glucose, galactose, or sucrose). 

Plasmids. Plasmid pL38 (21) contains the STE4 gene under 
the control of the GAL1 promoter (pGALl) on the vector 
pRS313 (31). Plasmids pL38-21-l and pL38-21-3 are mutants 
from the oligonucleotide-directed mutagenized pL38 library 
(21). YCpGAL-GPAl contains the GPA1 gene under the 
control of the GAL1 promoter (34). Plasmids YCpGALG 
PA1-4.3 and YCpGAL-GPA 1 -A are mutants from the hydrox- 
ylamine-mutagenized YCpGAL-GPAl library (34). Plasmid 
pC3 (11), a gift from J. Kurjan, contains the GPA1 (SCG1) 
gene on plasmid YEpl3 (5). Plasmid pSB234 (39) coiUained a 
FUS1 promoter region regulating expression of the lacZ gene 
and was a gift from G. Fink. 

pMA424 and pGAD2F were gifts of S. Fields (6). Plasmids 
pGAD2F.N, pKB40.1, and pKB33.23 were constructed as 
described before (7). Plasmids pKB85.8 and pKB86.80 were 
made essentially as described for pKB40.1. However, oligo- 
nucleotides KOLI-23 (S'-TTTTCCTTTTGCGGCCGCCTA 
TTGATAACCTGGAGACC-3') and KOLI-24 (5' GGTGA 
TCACGATGTCTGCAGCACATCAG-3') were used as prim- 
ers, and plasmids pL38-2M and pL38-21-3, containing the 
STE4 Hpl 21-1 and STE4 Hpl 21-3 mutations, respectively, 
were used as the templates. The presence of the mutation in 
each of these plasmids was confirmed by sequencing (29). 
Plasmid pKB77.1 was made as described for pKB33.23 except 
that plasmid YCpGAL-GPAl -4.3 was used as the template. 
That pKB77.1 contained the E307K mutation of GPAl was 
confirmed by sequencing (29). 

STE4 mutant selections. Mutant libraries of plasmid pL38 
(21) were transformed into strain W303-1A containing pC3 
and scored for growth on galactose plates, selecting for the two 
plasmids. Approximately 300 transformants were scored for 
each library; only library 21 gave galactose-sensitive transfor- 
mants. Plasmids were isolated from these colonies and trans- 
formed into Escherichia colu and the sequences of the mutant 
genes were determined by the dideoxy procedure (29). The 
entire gene was sequenced for mutations 21-18 and 21-143, 
while only the mutagenized region was sequenced for plasmids 
carrying mutations 21-1, 21-3, and 21-4. In addition, the 
original Hpl mutation was repaired from the chromosome of 
strain DJ706-2-4, a gift from D. Jenness, by gap repair with an 
MluX deletion of plasmid M81pl2 as described before (7) and 
then sequenced. 

GPAl mutant selections. The Kk mutations were identified 
from a library of hydroxylamine-mutag^nized plasmid YCp- 
GAL-GPAl (34) transformed into strain W303-1A containing 
pL38 with the Hpl 21-3 version of STE4. Approximately 3,200 
transformants were screened for growth on galactose-contain- 
ing medium, and two colonies which exhibited plasmid-depen- 
dent growth were identified. The entire GPAl gene from these 
plasmids was sequenced (29) to determine the site of the 
mutations. 

Gene replacements and strain characterization. The wild- 
type alleles of the GPAl and STE4 loci were replaced by the 
His 43 and Hpl 21-3 alleles, respectively, in a two-step process. 
A HindlU-SnaBl fragment including the His 4.3 mutation and 



all but the amino terminus of the GPAl gene was cloned 
between the Smal and Nrul sites of YIp5 (37) to create 
M247p2. This plasmid was targeted to the GPAl locus by 
partial cleavage with Pvull Duplication of GPAl flanking 
vector sequences was confirmed by Southern blotting; resolu- 
tion of the duplication was selected by growing the transfor- 
mants on medium containing 5-fluoroorotic acid, which selects 
against the URA 3* marker of YIp5 (3). Colonies that retained 
only the E307K mutation were identified by amplifying the 
GPAl region by PCR (28) with primers PCR1 (5'-CACA 
GAATTCGATGCTGAAACGGTGACGCA-3') and PCR3 
(5'-AAAGAATTCGAGATAATACCCTG-3') and sequenc- 
ing the region around position 307. Similarly, an EcoRV-Sall 
fragment including the Hpl mutation and all but the amino 
terminus of the STE4 gene was cloned into pRS306 (31) cut 
with Smal and 'Sail. The resulting plasmid, M248pl2 was 
targeted to the genome by cleavage with Mul, creating a 
duplication of most of the STE4 locus. Resolution of the 
duplication was selected by using 5-fluoroorotic acid, either for 
diploid strains or for haploid strains containing the His 4.3 
allele of GPAl, to allow growth of the Hpl 21-3 mutant strains. 
Strains with the Hpl 21-3 version of STE4 were identified by 
amplifying the STE4 locus with primers KOLI-11 (5'-GGT 
GATCACGA7GGCAGCACATCAGATGG-3') and KOLI-23 
(see above) and cleaving the resulting fragment with tyM, 
which is diagnostic for the Hpl 21-3 mutation. A diploid strain 
heterozygous for the STE4 Hpl 21-3 and for the GPAl His 43 
alleles (DM353) was dissected, and the genotypes of the 
resulting segregants were determined by PCR analysis of the 
STE4 and GPAl genes, as described above. 

Growth n; ss, pheromone response, and mating assays. A 
set of isogenic segregants of DM353 containing the three 
viable combinations of STE4 Hpl and GPAl His alleles were 
compared in several assays. The growth rates of the strains 
were determined by diluting overnight cultures into YPD and 
measuring their increase in cell density over a period of 8 h. 
The pheromone response of the strains was determined by 
embedding roughly equivalent numbers of cells in YPD agar 
and spotting them with various amounts of a-factor dissolved 
in 90% methanol (43). The pher jmone response ratios were 
calculated as the reciprocal ot the amount ot a-tactor required 
to give identically sized zones of growth inhibition; the size of 
the wild-type zone was defined as 1.0. Mating assays were 
performed as described before (43), with strain DO 7 as the 
mating tester strain. Mating efficiency was defined as the 
number of diploids formed divided by the number of input 
haploids whose mating was being tested. 

P-Galactosidase assays. To determine the basal levels of 
FUS1 expression, we transformed strains with plasmid pSB234 
(39), which contains the lacZ gene under the control of the 
FUS1 promoter. Cultures were grown overnight in SD medium 
lacking uracil, diluted into the same medium, grown for 3 h, 
and harvested. For the interaction assay, transformants of 
strain SY2366 were grown overnight in sucrose medium lack- 
ing histidine and leucine, diluted into the same medium, and 
grown to the exponential phase for 5 h. In all cases, cells were 
harvested and assayed for p-galactosidase activity as described 
before (17). 

Immunoblot analysis. Immunoblot analysis was performed 
as described before (7). Briefly, cultures were grown overnight 
in sucrose medium without histidine and leucine, diluted into 
the same medium, and grown to the exponential phase for S h, 
and total cellular protein was harvested by a boiling method. 
Equal amounts of extract (3x10* cell equivalents) of each 
sample were resolved by sodium dcdecyl sulfate-poryacrylam- 
ide gel electrophoresis (SDS-PAGE) on a 10% polyacrylamide 



Vol. 14, 1994 



RESIDUES INVOLVED IN G-PROTEIN a0 INTERACTION 3225 



A 




0N= NO GROWTH 



Excess Gpa1 + Excess Ste4 




OFF= GROWTH 



Excess Gpal + Excess Ste4-Hpl 




FIG. !. (A) Model of mutant selections. In the first panel, strains 
that overexpress the Ste4 protein (p) have an activated pheromone 
response pathway and are growth arrested because of the presence of 
free 07 (8, 26, 44). Shaded subunits represent active signaling mole- 
cules. In the second panel, strains that overexpress both Ste4 and Gpal 
(a) have no free 07 and are able to grow (8, 26, 44). In the third panel, 
strains that overexpress the Hp) versions of the Ste4 protein, repre- 
sented by the rectangular 0, still signal in the presence of excess Gpal 
and are growth arrested. In the last panel. His versions of Gpal, 
represented by the square a, can associate with the Hpl Ste4 proteins 
and prevent growth arrest. (B) Characterization of Hpl and His 
mutations. Cultures of strain W303-1A carrying either pL38, pL38 with 
the various Hpl mutations of STE4 (Hpl 21-1, 21-3, 21-4, 21-18, and 
21-143), or the vector pRS313 (31) were cotransformed either with 
vector plasmid YCp50 (27) or with plasmid YCpGAL-GPAI, contain- 
ing either the wild-type CPA I gene or the His mutant allele 4.3 or A 
of GPAL These transformants were grown on glucose-containing 
medium that selected for plasmid maintenance and then replica plated 
to galactose-containing medium. In lane 1, the transformants all 
contain the vector YCpSO; only the strain containing the vector 
pRS313 is able to grow because the other plasmids all direct overex- 
pression of a signaling-competent version of Ste4 (either wild type or 
Hpl). In lane 2, all the transformants contain the wild-type version of 
Gpal; this allows suppression of the growth arrest of the cells 
containing wild-type Ste4 (column 2) but not the growth arrest of the 



gel and analyzed by immunoblotting with goat anti-rabbit 
immunoglobulin G coupled to horseradish peroxidase (Bio- 
Rad) and a chemilumincscent substrate (ECL System; Amer- 
sham. Inc.). The primary antiserum, a gift of J. Hopper, was 
rabbit antiserum to full-length GaI4, used at a 1:2,500 dilution. 

RESULTS 

Isolation of baploid-lethal alleles of STE4. Overproduction 
of Gpal normally corrects the cell cycle arrest phenotype 
created by overexpression of Ste4 (8, 26, 44). We used this 
observation to develop an assay for new Hpl mutants (Fig. I A). 
We screened populations of mutagenized Ste4 proteins for 
those which still caused a cell cycle arrest phenotype when 
overexpressed from the strong, regulated GAL1 promoter in 
cells containing a high level of the GPA1 gene product. Such 
Ste4 proteins were insensitive to the action of Gpal but were 
still functional in signaling (Fig. IB). Five independent mu- 
tants were identified in two screens of libraries created by 
oligonuclcotide-directed random mutagenesis of the entire 
STE4 sequence (21 ). All of these mutations were in the region 
between the codons for amino acids 126 and 151; no mutations 
were identified elsewhere in the gene even though the mu- 
tagenesis was c tensive ( 1 0 to 30% sterile cells) throughout the 
gene (21). These five alleles were sequenced; three, Hpl 21-4 
(W136G), Hpl 21-143 (W136R), and Hpl 21-18 (D138) had 
single a^ino acid changes, and two, Hp! 21-3 (W136G SI51C) 
«nd Hpl 21-1 (W136R L138F), had double changes. We also 
sequenced the original Hpl mutation (2) and determined it to 
be a change of glycine 124 to aspartic acid. Thus, a small region 
of the Ste4 j olein appears to be necessary for proper inter- 
action with the Gpal protein but not for other facets of Ste4 
function. 

Isolation of compensatory suppressor alleles of GPAL We 

next looked for GPAI alleles that could suppress the constitu- 
tive arrest created by the STE4 mutations (Fig. 1 A). A library 
of hydroxylamine-mutagenized GPAI genes (34) was screened 
for suppressors of the Hpl 21-3 (W136G S151C) allele of 
STE4; this allele was selected because it introduced a newSp/iI 
site into the STE-f gene that con' I facilitate allele identifica- 
tion. Two independent mutations in GPAI were identified and 
sequenced. Mutant 4.3 had a single amino acid change, E307K, 
while mutant A had the E307K change as well as chances 
D25N and P407S. 

We determined the ability of these two mutants to suppress 
the lethality of our five Hpl alleles on galactose medium (Fig. 
IB). GPAI variant His (haploid-lethal suppressor) 4.3 effi- 
ciently suppressed mutations 21-3 (W136G S15IC), 21-4 
(W136G), and 21-18 (D138); it poorly suppressed 2I-I 
(W136R L138F); and it did not significantly modify the 
phenotype created by mutation 21-143 (W136R). GPAI vari- 
ant His A failed to suppress 21-143, suppressed 21-1 and 21-18 
poorly, and suppressed 21-3 and 21-4 reasonably well. Hence, 
the Hpl allele containing the W136R mutation in combination 
with the L138F mutation was weakly suppressed by the His 4.3 
mutation, although the allele having just the single W136R 
mutation was not suppressed. These results point to complex 



ceils containing the Hpl alleles of Stc4. In lane 3. all the iransformants 
contain Gpal His mutant 4.3; this allows suppression of the cellular 
arrest created hy Ste4 and the Ste4 Hpl muunts 21-1 (weak), 21-3, 
21-4, and 21-18 but not Hpl 21-143. In lane 4, all the transformants 
contain Gpal His mutant A; this allows suppression of the cellular 
arrest caused by Ste4 and the Hpl mutant:, 21-1 (weak). 21-3, 21-4. and 
21-18 but not Hpl 21-143. 
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FIG. 2. (Top) Dissection of strain DM348-4, which is heterozygous 
for the Hp! 21-3 allele of STE4. Only two spores from each ascus give 
rise to viable colonies; the other spores germinate but arrest after one 
to several divisions as large, morphologically aberrant, unbudded cells. 
This behavior is characteristic of cells constitutively expressing the 
pheromone response pathway (2, II, 24). (Bottom) Dissection of 
diploid DM353, which is heterozygous for both the Hpl 21-3 allele of 
the STE4 gene and the His 4.3 allele of GPAL The inviability of half 
the spores containing the Hpl 21-3 allele is suppressed by the His 
mutation, so the tetrads frequently contain three or four viable spores 
per ascus. 



TABLE 2. Physical association of Gpal and Ste4 fusion proteins 



Plasmids 



Protein fused to Gal4 at: 

DNA-binding 

-i.v™«;„ activation 
domam domain 



pKB33.23 + pKB40.l 
pKB77.1 + pKB40.1 
pKB33.23 + pKB86.80 
pKB77.1 + pKB86.S0 
pKB33.23 + pKB85.8 
pKB77.1 + pKB85^ 
pKB33.23 + pGAD2F.N 
pKB77.1 + pGAD2F.N 
pMA424 + pKB86.80 
pMA424 + pKB85.8 
pMA424 + pGAD2F.N 



Activity" 



Gpal 


Ste4 


In*. 


Gpal His 4.3 


Ste4 


140 


Gpal 


Ste4 Hpl 21.3 


<0.07 


Gpal His 4.3 


Ste4 Hpl 213 


2.4 


Gpal 


Ste4Hpl 21.1 


<0.07 


Gpal His 4.3 


Ste4 Hpl 21.1 




Gpal 


NF* 


<0.07 


Gpal His 4.3 


NF 


<0.07 


NF 


Ste4 Hpl 213 


<0.07 


NF 


Ste4 Hpl 21.1 


<0.07 


NF 


NF 


<0.07 



" p-Ga!actosidasc activity of transformants of strain SY2366 harboring the 
indicated plasmids in the two-hybrid assay. Results are the averages tor two to 
four tran furmants and varied less than 7(Ki. from the mean. Units are modified 
Miller mi is (17). 

* NF. no fusion. 



allele-specific interactions between the subunits. Because the 
single E307K mutation was a more effective suppressor than 
the triple mutation, it appears that the D25N and P407S 
changes in Gpal are not involved in aiding interaction with the 
Ste4 proteins containing the Hpl mutations. 

Comparison of isogenic strains containing Hpl and His 
mutations. We constructed isogenic strains with the various 
combinations of Hpl and His mutations replaced into the 
genome to assess the consequences of the amino acid replace- 
ments on the yeast mating response. Diploid strains heterozy- 
gous for the Hpl 21-3 mutation sporulated to give only two 
viable spores (Fig. 2); the other two spores germinated but 
arrested after one or two divisions as the large, unbudded, 
morphologically aberrant cells characteristically caused by 
constitutive activation of the response pathway (2, 11, 24). 
Diploids heterozygous for both the Hpl 21-3 mutation and the 
His 4.3 mutation frequently generated three or four viable 
spores, consistent with the His allele of GPA1 suppressing the 
cell cycle arrest caused by the Hpl allele of STE4 (Fig. 2). 

PCR analysis was used to identify cells containing the three 
viable combinations of alleles, and various physiological as- 
pects of the mating response were measured (Table 1). Wild- 
type STFI1 strains containing the wild-type or His 4.3 allele of 
the CPA I gene were indistinguishable; they had similar growth 
rates and pheromone seasitivities, low basal expression of the 
pheromone-inducible FUS? promoter, and similar mating ef- 
ficiencies. In contrast, the STE4 Hpl CPA1 His double mutant 
strain grew more slowly, was more pheromone sensitive, and 
had a higher basal level of FUS1 promoter expression than the 



wild-type strain. Thus, the combination of the mutant Ga and 
G(3 subunits does not reestablish a completely wild-type G 
protein. All the strains were efficient maters; in fact, the 
double-mutant strain generated more diploids than would be 
expected from the input haploid cells, a pattern that could be 
caused by a fraction of the cells being competent to mate but 
not to form vegetative colonies. 

Physical interaction between mutant proteins. We used the 
two-hybrid in vivo protein association assay (6, 12) to provide 
a physical basis for the genetic observations. We had shown 
previously that this assay could detect the interaction of the 
wild-type yeast a and 0 subunits (7). The His 4.3 mutation of 
Gpa 1 , which did not affect the ability of this subunit to function 
when combined with Ste4 (Table 1), also did not affect the a-£ 
association detected in the two-hybric assay (Table 2). In 
contrast, constitutive activation of the pheromone response 
pathway by the Ste4 Hpl mutant* 21-! and 21-3 corresponded 
to a complete disruption of c P association (Table 2). This was 
not due to some destabilization of the Ste4 Hpl mutant 
proteins, because immunoblot analysis showed that the mutant 
proteins were as stable as the wild type (Fig. 3 and data not 
shown), although in the case of both the mutant and the wild 
type, the presence oi the Gal4 transcription activation domain- 
Ste4 fusion protein reduced the amount of Gal4 DNA-binding 
dom lin-Gpal fusion protein observable by immunoblot assay. 
When the Hpl 21-3 and His 4.3 proteins were assayed, it was 
found that the suppression of the Hpl 21-3 allele by the His 4.3 
allele corresponded to reestablishment of a detectable protein- 



TABLE I. Comparison of wild-type and mutant strains 



Strain 


CPA I 


Allele 

STE4 


Growth rate* 
(h/division) 


Relative pheromone 
response'' 


Mating 
efficiency* 


Basal FUSJ 
expression'' 


M353-IB 
M353-2A 
M353-2B 


+ 

His 4.3 
His 4.3 


+ 
+ 

Hpl 21-3 


3.1 ± 0.2 
3.0 ± 0.2 
4.6 ± 0.7 


1.0 
1.0 
4.5 


0.5 ± 0.1 
0.40 ± 0.1 
1.2 ± 0.2 


0.05 ± 0.01 
0.10 ± 0.02 
8.0 ± 0.3 



* The growth rate results are the averages of two experiments ± standard en jr. 



The pheromone response ratios were calculated as the reciprocal of the an.ount of a-factor required to give identically sized zones of L -e vth inhibition; the size 
of the wild-type zone was defined as 1.0, and the experiment was repeated three times. 



: experiment was repeated t _ 

^The mating efficiencies are the averages of two to four repeats ± standard error. 



teal FUS1 expression is represented as B-gatactosidase activity (see Materials and Methods) in modified Miller units (17) and renrcsents the average of three 
repetitions ± standard error. Pheromone-induced levels are approximately 50 U (data not shown). 
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CPA1 + 



Ste4 - 
Gpal* 




3 4 5 6 7 8 9 

FIG. 3. Immunoblot analysis of Gpal and Ste4 fusion proteins. 
Equal amounts of cell extract (3 x I0 6 cell equivalents) from 
transformants of strain SY2366 were immunoblotted with antiserum to 
full-length Gal4 as described in Materials and Methods. The wild-type 
Ste4 and Gpal fusions <+) and the Hpl and His mutants (H) are 
indicated above the lanes. Lanes marked with dashes contain vectors 
Lane I, pKB40.1 plus pICB33.23 transformant; lane 2, pKB40.1 plus 
pKB77.1 transformant; lanes 3 and 4, two different pKB86.80 + 
pKB33.23 transformants; lanes 5 and 6, two different pKB86.80 plus 
pKB77.1 transformants; lane 7, pKB86.80 plus pMA424 transformant- 
lane 8, pGAD2F.N plus pKB77.l transformant; lane 9, pKB40.1 plus 
pMA424 transformant. The positions of protein molecular mass 
standards (in kilodaltons) are shown, as are the positions of the Gal4 
transactivalion domain-Ste4 fusion proteins (Ste4) and the Gal4 
DNA-binding domain-Gpal fusion proteins (Gpal). 



protein association; this combination of alleles created a G 
protein which allowed a partial constitutive activation of the 
response pathway, and the two-hybrid assay detected an asso- 
ciation that was about 50 times weaker than for the wild-tvoe 
proteins (Table 2). Finally, the weak genetic suppression of the 
Hpl 21-1 allele of STE4 by the His 4 3 allele oiGpJZidnot 
create a physical association that was strong enough to be 
detected by the two-hybrid assay (Table 2). TT,ese results 
establish a direct correlation between physical association of 
the a and 0 subunits and inactivation of signaling. 

DISCUSSION 

The phcromone response pathway of 5. cem>isiae allows the 
investigation of G-protein function in a genetically tractable 
system. Wc have uurd genetic selections to identify mutations 
of the a and 0 G-protein subunits that affect subunit associa- 
tion. These mutants were of two classes: 0 mutants (Hpl) 
which disrupted a-p interaction, and ot mutants (His), which 
permuted association with these mutant p subunits. 

The cluster of STE4 Hpl mutations all lay within the second 
copy of the WD-40 repeat characteristic of all Gp subunits but 
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W136 is not part of the WD pair (41). All the amino acids that 
are changed in the Hpl mutant aileles are conserved among 
metazoan G-protein 0 subunits; however, with the exception of 
the W136 residue, the Ste4 protein does not show this conser- 
vation of these residues (Fig. 4A). Our results indicate that 
these residues can be modified to dramatically reduce the 
interaction between Ste4 and Gpal without preventing other 
aspects of Ste4 function, such as effector interaction and 
association with Stel8, since the signaling ability of the mutant 
protein is not compromised. It has recently been determined 
that overexpression of Gpal will suppress the lethality caused 
by the initial Hpl mutation, the G124D change (46). This result 
is also consistent with the Hpl mutation's modifying the ot-0 
association. Clearly, other regions of the Ste4 protein could be 
involved in the interaction with Gpal, but if these regions were 
also required for different aspects of Ste4 function, they would 
not be detected in this assay. 

The His mutation changes a residue in Gpal that lies 
between the G2 and G3 regions of the Got subunits (1). It is 
intriguing that the Gpal His mutation allowed association 
between the a subunit and a variety of Hpl mutant Ste4 
proteins but did not affect the association with the wild-type 
Ste4 protein, as measured either functionally or with the 
two-hybrid assay. It thus appears that the E307K mutation 
creates an a subunit with a broadened specificity for G0 
subunits. The one Hpl mutation that was not suppressed by the 
His 4.3 allele is the W136R change. From sequence similarity 
to the Ras protein, the G2 and G3 regions of Gpal are 
believed to be involved in forming the binding pocket for the 
guanine nucleotides and to lie immediately adjacent to the 
hinge, or switch, a-helix that undergoes a conformational 
change in response to guanine nucleotide exchange (9, 25a) 
(Fig. 4B). Mutations of a conserved glycine (G322 in Gpal) in 
the G3 region create a protein that is unable to dissociate from 
07 in response to ligand stimulation of the receptor (9, 19, 23, 
34). A conserved arginine in this region, R204 in G tl a and 
R209 in G„ a (R327 in Gpal), is protected from tryptic 
cleavage by binding of nonhydrolyzable GTP analogs (14). In 
addition, mutation of a conserved cysteine, C215, in the hinge 
a-helix of G 0 a (C333 in Gpal) prevents cross-linking to 0-y, 
although the mutant a subunit can still bind 0-y (38). There- 
fore, Gpal amino acid E307 is in a region intimately involved 
in the structural rearrangements associated with G t \x>tein 
activation and subunit dissociation. It must be emphasized that 
the Gpal mutagenesis strategy was not exhaustive and that the 
E307 residue clearly will not represent the only site for His 
mutations. Targeted mutagenesis in this region of Gpal should 
be useful in defining potential interactions more specifically. 

Recently, the crystal structure of transducin a has been 
determined (25a). Deletion of the amino terminus of the 
protein did not disrupt the structure or prevent effector 
activation but did block 0<y binding. This suggests that there 
are regions of a subunits distinct from the hinge region 
identified in our study that are involved in 0-y interaction. 

Although the position equivalent to Gpal E307 is flanked by 
highly conserved regions, the block of approximately 15 amino 
acids between the G2 and G3 elements (303 to 318 in Gpal) is 
divergent. Perhaps significantly, the residue in the mammalian 
a subunit equivalent to the E307 position in Gpal is highly 
diagnostic for a particular class of mammalian a subunits. In 
particular, all G s a subunits contain a lysine at this position (4), 
all G 0 and Gj a subunits contain a histidine (16, 40), tl 
transducin a subunits havv a glutamine (42), G q a subunits 
have a proline (35), and G u a subunits have an aspartic acid 
(36) (Fig. 4B). This diversity between but not within classes of 
Got subunits suggests that the region around E307 of Gpal 
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may have a function in defining the specificity of the G protein 
ot subunit; this selectivity could be involved in the binding of 07 
complexes, or it could play a role in effector or receptor 
interactions. 
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The renin-angiotensin system controls blood pres- 
sure through the enzymatic production of the va- 
sopressor angiotensin II (All) from the angio- 
tensinogen (AGT) precursor. Intravascular All 
production stimulates de novo synthesis of its pre- 
cursor in a positive feedback loop through in- 
creased gene expression. In this study, we inves- 
tigate the effects of All on AGT gene expression. At 
nanomolar concentrations, All activates transcrip- 
tion of the native AGT gene; this region is mapped 
to the AGT gene multihormone-inducible enhancer 
(-615 to -470). Within the multihormone-inducible 
enhancer, site-directed mutations of the acute- 
phase response element (APRE) that interfere with 
nuclear factor-KB (NF-kB) transcription factor bind- 
ing also abolish All responsiveness. The APRE func- 
tions as a rapidly inducible All-inducible enhancer 
with peak reporter activity detected after a 4-h stim- 
ulation; this effect occurs only when the type 1 AH 
receptor is expressed. All induces sequence-specific 
NF-kB binding to the APRE in HepG2 nuclear ex- 
tracts. Moreover, All infusions of primary rat hepato- 
cyte cultures produces a rapid 4-fold increase in se- 
quence-specific NF-kB binding to the APRE. 
Antibodies against the transcriptional activator sub- 
unit, Rel A, quantitatively supershrft the nucleopro- 
tein complex, whereas antibodies to other NF-kB 
members do not, demonstrating that Rel A APRE- 
binding activity is All-inducible. Transient overex- 
pression of Rel A(1^551) activates the AGT multihor- 
mone-inducible enhancer. All-inducible domains of 
Rel A were mapped by cotransfecting a chimeric 
GAL4-Rel A fusion protein with a reporter gene con- 
taining GAL4-binding sites. GAL4-Rel A(1-551) was 
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an All-inducible transactivator. Deletion of the NH 2 - 
terminal 254 amino acids of Rel A produces a con- 
stitutive transactivator, indicating that Rel A is acti- 
vated by All in a manner dependent on its NH 2 
terminus. These studies define one mechanism for 
the renin-angiotensin system positive feedback loop 
in hepatocytes. (Molecular Endocrinology 10: 252- 
264, 1996) 



INTRODUCTION 

The intravascular renin-angiotensin system (RAS) is a 
central endocrine regulator of cardiovascular ho- 
meostasis in man (1 , 2). Exposure of the renal secre- 
tory juxtaglomerular apparatus to hypotensive stimuli 
• results in the secretion of renin, an aminopeptidase 
that initiates sequential proteolysis of the angio- 
tensinogen (AGT) precursor into the potent vasopres- 
sor angiotensin II (All). The AGT gene encodes the only 
known precursor of the angiotensin peptides (2). Ac- 
cumulating evidence shows that physiological media- 
tors that alter intravascular AGT concentrations 
influence the velocity of All synthesis because intra- 
vascular AGT circulates at concentrations far below 
the Michaelis-Menten constant (KJ of renin. 

All produces potent vasoconstrictor effects and al- 
dosterone release and serves as a myocardial growth 
factor and controller of sympathetic nervous system 
output (1,2). All mediates its effects by activation ot 
the pharmacologically distinct type 1 All receptor 
(AT,). Upon binding to AT n , All stimulates phospno- 
lipase C activity, formation of 1,2 diacylglycerol, pro- 
duction of inositol-1,4,5 trisphosphate (and conse- 
quent mobilization of intracellular calcium from 
intracellular stores), and protein kinase C (PKC) trans- 
location (3-5). 
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In adrenal glomerulosa cells (6), cardiac myocytes 
(7, 8), vascular smooth muscle cells (9, 10), and hepa- 
tocytes (11), All activates the expression of the early 
response c-fos protooncogene (among others); c-fos 
mRNA expression is induced within minutes of All 
administration in a protein synthesis-independent 
nanner (6, 7, 12, 13). 

Intravascular All formation controls the activity of 
the RAS through negative feedback regulation of renin 
secretion and positive feedback regulation of AGT 
synthesis (14-16). In the hepatocyte, All stimulates 
AGT gene expression, in part, through enhanced tran- 
scription as documented by nuclear run-on analysis 
(14). The RAS positive feedback loop is important to 

isure that sufficient AGT is in supply to respond to 
any future hypotensive challenges and, moreover, may 
also play a pathophysiological role in the malignant 
phase of essential or renovascular hypertension (HTN) 
where enhanced AGT synthesis sustains the elevated 
blood pressure (2, 15-18). Understanding the mecha- 
nisms for the renin angiotensin system positive feed- 
back loop is therefore of considerable interest. 

The identification of the cis regulatory element(s) 
and corresponding transacting factor(s) mediating the 
positive feedback loop on- AGT gene synthesis have 
remained elusive (3, 14-16). One difficulty in the study 
of All-dependent enhancers has been due to the loss 
of ATt expression after isolation of primary hepato- 
cytes and the lack of AT,, expression in transformed 
hepatocyte cultures. The molecular cloning of AT n has 
provided an important reagent with which to address 
oe mechanism of the RAS positive feedback loop, 
where expression of A^ results in high affinity All 
binding activity functionally coupled to intracellular 
calcium transients (3). In this study, we examine the 
relationship between All stimulation and AGT gene 
transcription using two systems. First, using transcrip- 
tion and DNA-binding assays in AT., -complemented 
human hepatocytes, we identify an All-inducible en- 
hancer in the AGT promoter that, surprisingly, maps to 
a previously characterized cytokine-inducible en- 
hancer. All induces acute phase response element 
(APRE) DNA-binding activity of a specific nuclear fac- 
tor-KB (NF-kB) family member (Rel A). Second, Rel A 
binding to the APRE is increased in freshly isolated 
All-infused rat primary hepatocytes (which express 
functionally coupled AT., -receptors). Finally, we pro- 
vide evidence that the potent NF-kB transactivating 
^ubunit, Rel A, is an All-inducible transactivator, a 
phenomenon dependent on its NH 2 -terminal 255 
amino acids. 



RESULTS 

All Activates AGT Transcription through the 
Multihormone-inducible Enhancer 

To investigate whether All activates AGT gene tran- 
scription, we performed transient cotransfections of 



AGT-luciferase reporters along with a eukaryotic ex- 
pression vector encoding the type-1 All receptor (AT.,) 
in human HepG2 hepatocytes. AT., -complementation 
was necessary because all cultured hepatocytes 
tested (Hep G2, H4IIEC3, Hep 3B, and Huh-7) lack 
high-affinity All binding. Moreover, although freshly 
isolated primary hepatocytes express All receptors 
when assayed within 4 h after isolation, high affinity 
ligand binding becomes almost undetectable after 24 
h in culture, making primary hepatocytes unsuitable 
for the relatively longer transfection studies (in our 
hands, specific [ 125 I]AII binding at 4 h is 1.4 x 10" 5 
nmol/10 6 cells, whereas by 24 h, specific binding falls 
to 8.3 x 10 -7 nmol/10 6 cells). 

Transient transfections of the full length AGT pro- 
moter into AT., -complemented HepG2 cells gave a 
reproducible -1.5- to 2-fold induction of luciferase 
reporter activity in response to nanomolar All concen- 
trations (Fig. 1 B). Moreover, All-inducible gene activa- 
tion was localized to the multihormone-inducible en- 
hancer of the AGT gene, spanning nucleotides -615 
to -470, termed GCS-LUC (19) (Fig. 1C). In the GCS- 
LUC reporter, All rapidly stimulated AGT-driven re- 
porter gene transcription over a physiological dose- 
responsive range producing a statistically significant 
3-fold induction, peaking at the concentration of 10 nM 
(Fig. 1C), a concentration identical to the dissociation 
constant (K d ) of the AT, (3). 

Our previous studies have indicated that, within the 
multihormone-inducible enhancer, a short sequence 
termed the APRE was a major target for cytokine 
induction. This element, located between -545 to 
-527, is bound by two classes of transcription factors, 
CCAAT box/enhancer binding protein (C/EBP), and 
NF-kB that recognize the APRE in a mutually exclusive 
fashion (20). We tested separately site-directed muta- 
tions of the AGT promoter APRE sequences to destroy 
NF-kB binding sites [APRE M6 (a mutant that binds 
C/EBP proteins only) or APRE M2 (a mutant that binds 
neither NF-kB nor C/EBP)]. Both mutations blocked 
All-induced reporter gene activity (Fig. 1 , B and C). To 
our surprise, these studies indicate the requirement of 
NF-kB, a cytokine-inducible transcription factor, for 
All activation of AGT gene transcription. 

The AGT APRE Is a Bona Fide All-inducible 
Enhancer Dependent on the AT,, Receptor 

To more convincingly demonstrate that the APRE is an 
All-inducible element and to further characterize 
whether AT., expression is necessary for the effect, an 
APRE-driven luciferase reporter (20, 21) was tran- 
siently transfected into HepG2 cells in the absence or 
presence of the AT., receptor expression vector. In the 
dose-response experiment shown in Fig. 2A, transfec- 
tants were assayed after a 4-h incubation with various 
All concentrations. Activity was first detectable at 0.01 
nM All, with the maximal 13-fold induction seen in 
response to 10 nM All; at higher doses of up to 100 nM 
(not shown), less activity than the maximum 13-fold 
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Fig. 1 . All Activates AGT Promoter Transcription through the 
Multihormone-lnducible Enhancer 

A, DNA sequence of the APRE and its mutations in AGT 
gene promoter fragment. A schematic diagram of the AGT 
gene promoter fragment (-615/+39) containing APRE WT 
{white bars) or its mutations (M2, hatched bars or M6, dark 
bars) driving the luciferase reporter gene. B, Induction of the 
native AGT promoter in receptor-complemented HepG2 
cells. The WT AGT gene promoter fragment or its site muta- 



was seen, perhaps due to the well described phenom- 
enon of agonist-induced receptor down-regulation 
(22). Importantly, All-dependent transcriptional activa- 
tion was seen only in cells cotransfected with the AT, 
expression vector (Fig. 2A), indicating that AT., is ab- 
solutely required for this effect. 

As with the site-directed mutations within the native 
AGT multihormone-inducible enhancer (Fig. 1), All 
stimulation of the APRE is dependent on NF-kB bind- 
ing because no transcriptional induction was seen by 
All in either APRE M6 or APRE M2 driving the lucif- 
erase reporter gene in response to All (Fig. 2B). In data 
not shown, the All induction was rapid and transient; 
treatment with 10 nM All for 4 h produced a maximum 
induction of 13-fold, and after a 24-h treatment, an 
induction of only 2-fold was recorded. 

All Induces NF-kB Binding to the APRE in 
Receptor-Complemented HEPG2 Cells and in 
Primary Rat Hepatocytes 

To examine whether All induces changes in APRE 
DNA-binding complexes, we analyzed the patterns of 
DNA-binding activities from control and All-stimulated 
nuclear extracts in transiently transfected HepG2 cells 
by gel mobility shift assays (Fig. 3A, left panel). All 
increased the abundance of a single complex binding 
to a 32 P-tabeled APRE oligonucleotide probe. This 
inducible complex was a high affinity, sequence-spe- 
cific DNA-binding activity because inclusion of 5 pmol 
of unlabeled APRE wild type (WT), but not mutant 
APRE M6 or APRE M2, competitors abolished its bind- 
ing (Fig. 3A, right panel). 

To confirm that NF-kB binding could be observed in 
cells expressing native amounts of functionally cou- 
pled All receptors, we used the well established model 
of continuous All infusion of isolated primary Sprague- 
Dawley hepatocytes. Continuously infused primary 



tion was transiently transfected to A^ -complemented 
HepG2 cells for 44 h. Transient transfectants were stimulated 
with the indicated doses of AH for 4 h before harvest for 
luciferase reporter and internal control activity assays. Trip- 
licate plates were assayed for each experimental point. 
Shown is mean ± so of a representative transfection after 
normalization to internal control. Only the APRE WT se- 
quences are All-inducible. C, The AGT multihormone-induc- 
ible enhancer is sufficient for All-induction. The AGT multi- 
hormone-inducible enhancer (-615 to -470) was ligated 
upstream of the inert AGT promoter driving the expression of 
the luciferase reporter gene and transfected with internal 
control )3-galactosidase expression vector (4 /xg) (as an in- 
ternal control) into receptor-complemented HepG2 cells. In 
these and subsequent assays, the luciferase activity is nor- 
malized to internal control for each plate and expressed as 
fold induction relative to the AGT promoter in the absence of 
All stimulation. Shown is mean ± sd of three independent 
experiments. All produces a statistically significant induction 
of APRE WT-containing sequences, peaking at a 3-fold in- 
duction at a concentration of 1 0 nM. 
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hepatocytes have been used to demonstrate the All 
induction of AGT mRNA and protein [continuous infu- 
sions are necessary because All is rapidly degraded in 
the primary hepatocyte cultures (23)]. We observed a 
4-fold increase of APRE-binding activity in a dose- 
dependent fashion by All (Fig. 3B). First detectable at 
0.5 nM All concentrations, APRE-binding activity 
peaks at a physiological concentration of 5 nw All 
(reproduced in four independent experiments).. Con- 
tinuous infusion of 50 nM All produced no greater 
stimulation, indicating that the All effect is saturable. 
Moreover, the increase in APRE DNA-binding activity 
was observed as early as 1 h [a time preceding the 
changes in AGT mRNA (data not shown and Ref. 23)], 
indicating that All induction of APRE binding activity is 
a rapid effect. 

All-activated APRE binding was sequence-spe- 
cific for the NF-kB protein family as determined by 
competition analysis. In Fig. 3C, a gel mobility shift 
assay using nuclear proteins isolated by a separate 
infusion of rat primary hepatocytes over subnano- 
molar All concentrations is shown. As seen in Fig. 
3B, maximal APRE-binding effect is seen at 5 nM. In 
Fig. 3C (middle and right panels), a 100-fold molar 
excess of unlabeled APRE WT coincubated with the 
radiolabeled probe completely competed for bind- 
ing. APRE M6, however, competes only slightly for 
binding as compared with the APRE WT sequences. 
These results indicate that All activates AGT APRE- 
binding activity through changes in NF-kB abun- 
dance both in AT n receptor-complemented HepG2 
hepatocytes and in primary rat hepatocytes. We 
note that the All-activated transcriptional activity of 
the AGT promoter is identical to the binding speci- 
ficity of the All-inducible proteins in All-stimulated 
hepatocytes (Figs. 1 and 2). 
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Fig. 2. The APRE Is an All-lnducible Enhancer 

A, All activates APRE transcription in an AT., receptor- 
dependent fashion. Human hepatoblastoma HepG2 cells 
were transiently transfected with three APRE copies up- 
stream of the minimal AGT promoter driving luciferase re- 
porter gene in the absence (white bars) or presence of AT1 
expression vector pEF-Bos (3) (dark bars) for 48 h. These 
constructs initiate transcription at the correct AGT cap site 
(21). j8-Galactosidase expression vector (4 /xg) was cotrans- 
fected as an internal control. The cells were stimulated and 
assayed as in Fig. 1. At 10 nw All, a 13-fold increase in 
reporter activity is seen, and at concentrations above 10 nM, 
a decrease in reporter activity is seen. No change in reporter 
activity is seen in the absence of AT, receptor, indicating its 
expression is absolutely required for the transcriptional ef- 
fect. B, All activates APRE enhancer activity through the 
NF-kB binding sites. AT, receptor-complemented HepG2 
cells were transiently transfected with three copies of WT 
APRE {white bars) or site mutant APRE (hatched bars for M2 
and dark bars for M6) upstream of the AGT promoter driving 
the luciferase reporter gene and stimulated and assayed as in 
Fig. 1 . APRE WT, the binding site that recognizes NF-kB (20), 
is the only template activated by All. 



Rel A (NF-kB p65) Subunit Is Contained within 
the Nucleoprotein Complex 

Rel A is the potent transcriptional regulatory subunit 
of the tumor necrosis factor-a (TNFa)-induced 
APRE binding NF-kB complex (24). Identification of 
the composition of NF-kB subunits in the All-in- 
duced nuclear complexes was accomplished using 
subunit-specific anti-NF-KB antibodies in the gel 
mobility supershift assay. In the gel mobility super- 
shift assays shown in Fig. 4A, nuclear protein iso- 
lated from control or All-stimulated HepG2 hepato- 
cytes was preincubated 20 min before addition of 
radiolabeled APRE probe, and the antibody-protein- 
DNA complexes were separated by nondenaturing 
PAGE. No supershifted complexes could be ob- 
served in HepG2 nuclear proteins using antibodies 
to NF-kB1, NF-kB2, or C-Rel. By contrast, a slower 
migrating supershifted band was observed in lanes 
containing the Rel A antisera. The supershifted com- 
plex is produced from the specific All-inducible 
complex because its intensity is coincidentally re- 
duced (Fig. 4A; the lower panel is a lighter exposure 



MOL ENDO • 1996 
256 



Vol 10 No. 3 



B 



All: - + 



Comp: - WT M6 M2 



AII(nM): 0 0.5 5 50 
12 3 4 





I 






AII(nM): 0 0.05 0.5 5 
Comp.: - - - - 
12 3 4 



0 0.05 0.5 5 

APRE WT 
5 6 7 8 




0 0.05 0.5 5 

APRE M6 
9 10 11 12 




Free 
Probe 






Fin 3 All Induces NF-kB Binding to the APRE in Hepatocytes »^„-iontlv 

A. AllSuces APRE binding acLy in transiently transfected HepG2 hepatocytes. Left pane,, HepG2 
transfected with expression vector encoding the type 1 AT receptor were stimulated with medium alone All -) o r 20 rj. All 
+) for 1 h before nuclear protein isolation. Shown is an autoradiogram of a gel mobility shift assay after incubation of 10 ^ nuc 
prate n wS-labeled APRE WT DNA (10 fmol; DNA sequences are given in Materials and Methods) and fractionation on a 6% 
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Fig. 4. All Induction of Rel A DNA-Binding Activity in Primary Hepatocytes 

A, Supershift assay of NF-kB subnits in All-stimulated HepG2 cells. Nuclear proteins from All-stimulated HepG2 cells 
transiently transfected with the expression vector for AT, receptor were used to bind the 32 P-labeled APRE in the presence of 
affi. ;y-purified NF-kB antibodies to NF-kB1, NF-kB2, Rel-A, and C-Rel (Santa Cruz Biotech). Shown is an autoradiogram of the 
gel shift after fractionation on a 6% nondenaturing PAG {bottom panel is shorter exposure of same autoradiogram). The presence 
of Rel A antibody quantitatively supershifts the sequence-specific All-inducible DNA-binding complex (Rel A), indicating that Rel 
A is the major identifiable NF-kB family member that binds to the AGT APRE. B, Supershift assay of NF-kB subnits in 
All-stimulated rat primary hepatocytes. Nuclear proteins from All-stimulated rat primary hepatocytes were prepared (as described 
in Materials and Methods) and used to bind the 32 P-labeled APRE in the presence of affinity-purified NF-kB antibodies to NF-kB1 , 
NF-kB2, Rel-A, and C-Rel. Antibodies to Rel A quantitatively supershift the All-inducible DNA-binding complex. 



o s he same autoradiogram), indicating Rel A anti- produced using nuclear extracts from All-perfused 
body quantitatively supershifts the All-inducible rat hepatocytes (Fig. 4B). Moreover, in data not 
APRE-binding complex. These observations are re- shown, the Rel A supershifted band is produced by 



nondenaturing polyacrylamide gel [PAG (20, 53)]. All induces nuclear APRE DNA-binding activity (arrow). Right panel, Competition 
analysis of All-induced nuclear proteins using 5 pmol unlabeled competitor DNA (representing a 100-fold molar excess) using 
APRE WT (WT), APRE M6 (M6), or APRE M2 (M2) oligonucleotides. Only APRE WT competes for binding of the All-inducible 
complex, indicating the complex is NF-KB-specific. B, All induces nuclear NF-kB DNA-binding activity in rat primary hepatocytes. 
Nuclear protein from primary hepatocyte cultures was isolated after a 3-h continuous All infusion between 0-50 nM. Shown is an 
autoradiogram of a gel mobility shift assay after incubation with 20 ^g 32 P-labeled APRE WT DNA (1 0 fmol; DNA sequences given 
in Materials and Methods) in the presence of poly(dl-dC), and fractionation on a 7% nondenaturing polyacrylamide gel [PAG (20, 
53)]. Lane 1, infusion of growth medium alone; lane 2, infusion of medium containing 0.5 nM All; lane 3, medium with 5 nM All; 
lane 4, medium with 50 nM All. At 0.5 nM All, a 4-fold increase in APRE binding was observed relative to control. C, All-inducible 
APRE DNA-binding activity is specific for NF-kB binding sites. Competition in gel shift assay using a 100-fold molar excess of 
unlabeled APRE WT probe (middle panel, lanes 5-8; sequences given in Materials and Methods) and point mutant of the APRE 
(APRE M6) (right panel, lanes 9-12) were mixed with nuclear protein for each lane before adding 32 P-labeled APRE probe. 
Nucleoprotein complexes were resolved on 7% PAG and visualized by autoradiography. Lanes 1 , 5, and 9 are control infusions; 
;anes 2, 6, and 10 are infusions of medium with 0.05 nM All; lanes 3, 7, and 1 1 are infusions of medium with 0.5 nM All; lanes 4, 
8, and 12 are infusions of medium with 5 nM All. A similar induction of APRE-binding activity of 4-fold is seen relative to control 
(compare lane 4 with lane 1) as shown in Fig. 3B. The All-inducible APRE-binding proteins are specific for APRE WT 
DNA-sequences. 
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Fig. 5. Rel A Transactivates the AGT Promoter through the 
APRE 

AGT gene promoter fragment (-615 to -470) containing 
APRE (white bars) or its mutations (M2, hatched bars or M6, 
dark bars) driving the lucif erase reporter gene (GCS-LUC), 
diagrammed in Fig. 1, were transiently transfected into 
HepG2 hepatocytes in the presence of increasing concen- 
trations of eukaryotic expression vector (pcDNA) encoding 
Rel A(1-551). Shown is mean ± so of normalized luciferase 
reporter activity from triplicate plates in a representative 
transfection, reproduced in three independent experiments. 
Reporter activity of GCS WT increased 2.63-fold (0.5 
pcDNA Rel A), 3.7-fold (1 ^g pcDNA Rel A), 4.2-fold (2 /xg 
pcDNA Rel A), 6.8-fold (4 pcDNA Rel A), and 6-fold (8 
pcDNA Rel A), whereas the APRE site mutations were not 
significantly inducible. These data indicate that Rel A(1-551) 
transactivates the multihormone-inducible enhancer through 
the APRE. 



either the NH 2 - or COOH-terminally directed 
antibodies. We conclude that All activates Rel A 
DNA binding of the AGT APRE in primary hepato- 
cytes. 



Rel A Transactivates the AGT Multihormone- 
inducible Enhancer 

Rel A, the potent transcriptionally active NF-kB sub- 
unit, is sequestered in the cytoplasm of cells 
through reversible interactions with the IkB inhibitor 
(25, 26). Demonstration that All induction of AGT 
promoter-dependent transcription is dependent on 
NF-kB binding (Figs. 1 and 2) and identification of 
Rel A in the All-inducible nucleoprotein complex 
(Figs. 3 and 4) required functional analysis of Rel A. 
In Fig. 5, transient overexpression of native Rel A(1- 
551) was tested for its ability to transactivate the 
AGT multihormone-inducible enhancer. High level 
expression of Rel A(1-551) by the cytomegalovirus 



(CMV) promoter saturates the IkB inhibitor and re- 
sults in constitutive Rel A activity (27). Cotransfec- 
tion of eukaryotic Rel A expression vector, pcDNA- 
Rel A(1-551), results in a dose-dependent 6-fold 
activation of the wild-type AGT promoter (Fig. S) t 
pcDNA-Rel A(1-551) did not activate the site muta- 
tions (APRE M2, APRE M6) that block NF-kB binding 
(20). This indicates that Rel A transactivates the AGT 
promoter and that transactivation is dependent on 
the NF-kB binding site in the APRE. 



All Activates Transcriptional Activity of GAL4-Rel 
A(1-551) Fusion Protein in Hepatocytes 

To determine whether Rel A was an All-inducible 
transactivator, we transiently expressed a fusion 
protein of Rel A fused to the DNA-binding domain of 
the yeast transcription factor GAL4 (amino acids 
1-147) at subsaturattng levels for IkB (28). Yeast 
GAL4 is not naturally expressed in mammalian cells. 
Measuring the activity of GAL4-binding sites linked 
to the luciferase reporter (UAS-LUC) allows the 
selective measurement of Rel A(1-551) activity 
(schematically diagrammed in Fig. 6A). Figure 6B 
shows the raw and normalized transcriptional 
activity of UAS-LUC cotransfected with GAL4- 
Rel A(1-551) in response to physiological All con- 
centrations (open boxes). An All dose-dependent 
increase of luciferase reporter activity was seen by 
GAL4-Rel A(1-551 ). These results indicate that Rel A 
is an AH-responsive transcription factor in hepato- 
cytes. 

Rel A(1-255) Is Necessary for All Induction of the 
GAL4-Rel A Fusion 

To identify the regions of Rel A responsive to All, an 
NH 2 -terminal deletion of 254 amino acid Rel homology 
domain [Rel A(255-551)] was fused to the GAL4 ex- 
pression vector, and a transient cotransfection with 
the UAS LUC reporter was performed (Fig. 6A). GAL4- 
Rel A(255-551), containing the C-terminal transactiva- 
tion domain of Rel A, was a potent constitutive acti- 
vator of UAS-LUC reporter activity (Fig. 6B, solid 
boxes), producing a 20-fold more potent transactiva- 
tor of GAL4-binding sites than the full length Rel A(1- 
551) in the absence of hormone. GAL4-Rel A(255-551) 
was not induced by All at any concentration (Fig. 6B). 
Therefore, the 1-254 amino acid NH 2 -terminal region 
of Rel A, containing the IkB inhibitor-interactive do- 
main, is absolutely necessary for All induction. We 
note that the activity of GAL4-Rel A(1-551) in re- 
sponse to All approximates, but does not exceed, 
the activity of GAL4-Rel A(255-551), perhaps indi- 
cating that All activates Rel A through a mechanism 
of relieving inhibition conferred by its NH 2 terminus 
(see Discussion). 
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DISCUSSION 

The RAS Positive Feedback Loop Involves the 
Transcriptional Activation of the AGT Gene 

Hepatic AGT gene expression is tightly controlled by 
multiple physiological stimuli, including 1) steroid hor- 
mones and glucocorticoids (19, 29, 30), estrogens (31 , 
32), and T 3 (33, 34); 2) the state of cellular differenti- 
ation (35, 36); and 3) cytokine hormones elaborated as 
a consequence of the acute-phase response (20, 24, 

37) . In these examples, AGT transcription is induced 
through discrete promoter control elements and is due 
to changes in nuclear abundance of AGT-binding tran- 
scription factors. We extend this model to include the 
mechanism for how the peptide product of AGT pro- 
cessing, All, controls the synthesis of its own precur- 
sor. We are surprised to find that All stimulates AGT 
transcription through a previously characterized cyto- 
kine-inducible enhancer (APRE) by activating the tran- 
scriptionally active NF-kB subunit Rel A. 

Numerous studies in vivo and ex vivo have demon- 
strated that intravascular All production directly con- 
trols the synthesis of hepatic AGT through the acti- 
vated A^ receptor (15-17, 38). All stimulation of 
freshly isolated rat hepatocytes induces AGT mRNA 
and protein at concentrations between 0.9-9.0 nM, the 
identical dose-response range seen in our assays, and 
at All concentrations close to the K d for its receptor (3, 

38) . A 2.5-fold increase in AGT transcription in re- 
sponse to 1 nM All has previously been demonstrated 
by nuclear run-on analysis from isolated primary hepa- 
tocytes (1 4). Using transient transfections of AGT mul- 
tihormone-inducible enhancer-driven luciferase re- 
porter constructs, we observe a rapid and transient 
3-fold increase in transcription in response to 10 nM 
All; the magnitude and kinetics of induction are re- 
markably similar in these two studies (14). Moreover, 
All-inducible transcription of APRE-driven reporters is 
absolutely dependent on cotransfection of the AT., 
receptor. Our observations, then, provide additional 
unambiguous documentation that the effect of All on 
AGT gene expression includes a transcriptional com- 
ponent. 

The NF-kB p65 Subunit, Rel A, Is a Transactivator 
Essential for Peptide Hormone Induction of the 
AGT Gene 

The APRE is a high-affinity binding site for various 
members of the NF-kB trancription factor family. 
NF-kB is a multiprotein complex encoded by separate 
genes that share a homologous — 250-amino acid 
NH 2 -terminal DNA-binding region (the Rel homology 
domain). NF-kB family members include Rel A (NF-kB 
p65), Rel B, NF-kB1 (p50), and NF-kB2 (p49) (reviewed 
in Ref. 25), which freely heterodimerize, producing 
DNA-binding activities with subtle sequence prefer- 
ences. Rel A is sequestered in the cytoplasm through 
reversible interactions with the inhibitor protein IkBa 



(26). The cytokine TNFa activates NF-kB by dis~ 
the IkB through a coupled phosphorylation/deo 
tion step, where the NH 2 -terminal phosphorylation 
IkB targets it for proteolysis through the 26S ubio^ 
proteosome complex (25, 39-41). Once freed frorH 
inhibitor, Rel A translocates into the nucleus to 
vate gene transcription. We have previously s' 
using selective mutations of the APRE that dr 
NF-kB1 :Rel A binding, that NF-kB is necessary i 
sufficient for TNFa-inducible transcription (24, 37) jjj 
these studies on TNFa induction of AGT, Rel A is the 
powerful transactivating NF-kB family member thS 
binds to the APRE in conjunction with the inert NF-kB1 
(24). In this study, we document, for the first time, thaf 
the induction of AGT transcription by its product All Is 
also dependent on NF-kB binding and that the p65 
subunit (Rel A) is an All-inducible transactivator. 

The Rel Homology Domain Is Necessary for All 
Induction: A Role for IkB? 

Using the GAL4-Rel A chimera, our data indicate that 
the 254-amino acid NH 2 -terminal Rel homology do- 
main is required for All induction, but not constitutive 
transcriptional activation. This NH 2 -termina! region is a 
multifunctional domain containing DNA-binding activ- 
ity, domain(s) for interacting with the IkB inhibitor, 
nuclear translocation signal(s), dimerization domain(s), 
and also protein kinase A and PKC phosphoacceptor 
sites of unknown function (Refs. 25, 27, 42, and ref- 
erences therein). IkB interacts with Rel A through 
ankyrin repeats in its midmolecule and C-terminal do- 
mains to interact with the nuclear localization se- 
quence and inhibit DNA binding of the bound NF-kB 
dimer (43). NF-kB activators, such as PKC or TNFa, 
produce phosphorylation of the IkB NH 2 terminus to 
initiate degradation of IkB through the 26S ubiquitin- 
proteasome complex (39). 

We note that deletion of the 254 NH 2 -terminal amino 
acids of Rel A result in a 20-fold enhanced activity of 
the GAL4-Rel A(255-551) in the absence of hormone. 
This large difference occurs over a wide range of 
transactivator concentrations, arguing that it is unlikely 
to be due to the trivial explanation that GAL4-Rel 
A(255-551) is expressed at higher levels than GAL4- 
Rel A(1-551). In data not shown, basal activity of 
GAL4-Rel A(1-551) is inhibited by cotransfection of 
IkBa, but not GAL4-Rel A(255-551). We interpret 
these data as probably indicating that All may be 
acting to relieve repression of Rel A by disrupting its 
association with the IkB molecule. Whether All regu- 
lates association of Rel A with IkB is directly testable 
and will be examined in future studies. 

All and TNFa-lnduced Signals Are Convergent on 
NF-kB Rel A 

The finding that All and TNFa activate Rel A indicates 
that, in some cells (such as hepatocytes), postreceptor 
cytokine and cardioactive peptide signaling pathways 
are convergent (Fig. 7). In a wide variety of cell types, 
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INTRACELLULAR SIGNALS CONVERGE ON Rel A 




Fig. 7. Schematic Model of Molecular Events in the RAS Positive Feedback Loop: Convergence of All- and TN Fa-Signaling 
Pathways 

NF-kB Rel A is associated with the inhibitory protein IkB as a sequestered, inactive form in resting HepG2 cells. All produced 
through the activated RAS stimulates Rel A DNA-binding and transcriptional activity through the AT, receptor. Our observations 
are consistent with a model where the effect of All binding is to disrupt the Rel A- IkB complex and allow nuclear translocation 
of Rel A. The inflammatory cytokine TNFa also converges on the Rel A:lkB complex, through a pharmacologically distinct second 
r: •■ -ssenger pathway coupled through the TNF receptor, which also results in Rel A translocation and APRE activation. 



TNFa activates NF-kB through two mechanisms: 1) 
a phosphatidylcholine-specific phospholipase 
C-coupled activation of an acidic sphingomyelinase 
with formation of ceramide as a second messenger; 
r?nd 2) 1 ,2-diacylglycerol (DAG) formation resulting 
in PKC activation (44-46). Either of these pathways 
appears to be sufficient to induce the proteolysis of 
IkB through a coupled phosphorylation/degradation 
pathway. 

In contrast, upon binding to the hepatocyte type 1 
receptor, All stimulates the formation of DAG with 
consequent PKC activation, mobilization of intracellu- 
lar calcium, and inhibition of hormone-stimulated ad- 
enylate cyclase activity (3-5). Of these, PKC appears 
to be an important molecule enabling All to induce 
early gene (c-fos) synthesis. Chronic exposure to 
phorbol agonist (to down-regulate PKC) completely 
inhibits c-fos induction in cardiomyocytes (47) and 
partly antagonizes c-fos induction in glomerulosa cells 
(6) or vascular smooth muscle cells (10). Although the 
relevant signaling events activated by All that control 
NF-kB activity remain speculative, the demonstration 
that certain PKC isoforms are physically associated 
with the IkB molecule [kinases that can phosphorylate 
and inactivate this inhibitor in wfro(48)], make PKC a 



likely candidate for coupling the activated AT n recep- 
tor to modulating NF-kB activity. 

All as a Physiological Regulator of AGT Synthesis 

In comparison to the effects of glucocorticoids on AGT 
gene expression, where a 10-fold or greater increase 
in transcriptional rate can be seen (19, 29), All is a 
relatively weak inducer of AGT transcription. Within the 
physiological context of the intravascular renin angio- 
tensin system, a 3- to 4-fold increase in AGT gene 
expression is nevertheless significant. In transgenic 
mice overexpressing the AGT gene, 4-fold changes in 
circulating AGT protein concentrations result in severe 
All-dependent HTN (49). In heritable forms of human 
essential HTN, a significant correlation exists between 
elevations of 1.5-fold (or less) in circulating AGT con- 
centrations with elevated blood pressure (50). More- 
over, the positive feedback loop of the renin angioten- 
sin system plays a central role in blood pressure 
regulation during the malignant phase of essential 
HTN and in renovascular HTN (provoked by unilateral 
renal artery stenosis). These pathological conditions 
are associated with elevated PRA, increased circulat- 
ing All concentrations, and higher circulating levels of 
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AGT (2). These data indicate that only subtle changes 
in circulating AGT concentrations can result in a potent 
biological (pressor) effect. 

Is Rel A Involved in the Local RAS? 

The RAS is an endocrine system not only confined to 
the intravascular compartment (circulating or intravas- 
cular RAS), but is also active in tissues (local RAS) 
within the heart, brain, kidney, and arterial wall (re- 
viewed in Ref. 1). Our studies on All-mediated effects 
on AGT gene expression in the hepatocyte, the major 
source of AGT circulating in the plasma, are of partic- 
ular relevance to regulation of the intravascular RAS. 
Like the intravascular RAS, All is also known to acti- 
vate AGT expression in tissues expressing a local 
RAS. In cardiac myocytes stimulated with All, AGT 
mRNA expression is increased, but given the slow 
temporal kinetics (requiring 24 h for AGT expression to 
occur), it is unlikely that AGT expression is mediated 
through the preformed NF-kB transcription factor. The 
extent to which Rel A controls this All-dependent AGT 
synthesis in other tissues expressing a local RAS will 
require additional study. 

In summary, we present the first evidence that 
All-induced AGT gene activation during the RAS 
positive feedback loop is mediated by the NF-kB 
subunit Rel A. All activates transcription of the AGT 
multihormone-inducible enhancer through the 
NF-kB binding site in the APRE. The APRE is an 
element not only necessary for All induction of the 
AGT promoter but is also a bona fide All-inducible 
enhancer by its ability to confer transcriptional ac- 
tivity onto an inert promoter. All activates Rel A 
DNA-binding activity in freshly isolated rat primary 
hepatocytes and the transcriptional activity of a chi- 
meric GAL4-Rel A(1-551). We provide preliminary 
evidence that Rel A is an All-inducible transcription 
factor dependent on its NH 2 -terminal 254 amino 
acids inhibitory domain. That both All and TNFa act 
similarly and converge on the Rel A transactivator 
(diagrammed in Fig. 7) indicate that these hormones 
produce similar biological responses within the hep- 
atocyte nucleus. These observations argue that Rel 
A participates in two clearly defined positive feed- 
back systems: 1) The cytokine "cascade" seen dur- 
ing inflammation, and 2) the positive feedback loop 
of the RAS. We speculate that targeting Rel A ac- 
tivity may have therapeutic potential in secondary 
human hypertensive disease. 



MATERIALS AND METHODS 
Materials 

Percoll was obtained from Pharmacia Biotech (Uppsala, 
Sweden). All, staurosporine, phorbol-12 acetate-13 myristic 
acid, and synthetic D-luciferin were obtained from Sigma 
(Saint Louis, MO). Collagenase D, restriction enzymes, and 
polymerases were obtained from Boehringer-Mannheim 



(Indianapolis, IN) and were used according to the manuf 1 
turer's recommendations. Anti-NH 2 -terminal Rel A ant'hlvSj 
was obtained from Santa Cruz BioTech (Santa Cruz Caj*** 

Rat Primary Hepatocyte Isolation and All Infusion 

Animal studies were conducted in accordance with the o ' 
ciples and procedures outlined in the Guidelines for Care and 
Use of Experimental Animals. Primary hepatocytes were for!! 
iated from 250-300 g Sprague-Dawley rats (Texas Animal 
Specialty, Harlan, TX) using standard techniques (23) h 
anesthetized rats, the portal vein was cannulated, and the 
liver was perfused with 200 ml of Solution A (140 mw NaClfi 
mM KCI, 1.5 mg/ml glucose, 0.5 /xg/ml insulin, 10 mM HEPES 
pH 7.4) at 12 ml/min followed by 0.05% (wt/vol) collagenase 
D in solution A with 5.7 mM CaCI 2 for 15 min. Hepatocytes 
were isolated by centrifugation in Percoll gradients, washed 
and resuspended to a density of 2 x 10 6 ceils/ml in DMEM/ 
F12 containing 5 /xg/ml insulin, 10" 7 m dexamethasone, 5% 
Nu-Serum, in a 25-ml flask at 37 C in a shaking water bath 
All was given as a priming dose from 0.05 to 50 nM in different 
groups and then continuously infused into 15-ml suspension 
aliquots with infusion rates between 0.03 and 30 ml/h to 
maintain a constant All concentration for 3 h (23). Control 
groups were perfused with the same volume of growth me- 
dium. 

Transfection and Cell Culture 

The human hepatoblastoma cell line HepG2 was obtained 
from ATCC and maintained in DMEM and cultured in an 
atmosphere of 5% C0 2 (24, 51). Transient transfections were 
performed with the calcium phosphate technique in triplicate 
60-mm plates using 10 pig luciferase reporter, 1 fig pEF BOS 
[A^ -expression vector (3)], 4 ^g CMV-/3 galactosidase (in- 
ternal control), the indicated concentration of eukaryotic ex- 
pression vector, and carrier pGEM7Z plasmid to constitute a 
total of 20 txg DNA for each set of triplicate plates (24). 
Twenty four hours after transfection, cells were washed, and 
fresh medium was added. Cells were cultured an additional 
20 h. Four hours before harvest, All was added at the indi- 
cated concentrations (at 44 h). 

Reporter Assays 

Transfected cells were harvested by washing three times in 
PBS and lysed on the plate by the addition of 0.3 ml lysis 
buffer (25 mM Tris-phosphate, pH 7.8, 2 mM dithiothreitol 
(DTT), 2 mM 1.2-diaminocyclohexane-N,N,N\ N'-tetracetic 
acid, 10% glycerol, 1% Triton X-100). Cytoplasmic lysate 
(1 00 fx\) was assayed for luciferase and jS-galactosidase re- 
porter activities (24). Luciferase activity was determined by 
subtracting machine background and normalizing each plate 
to /3-Gal activity. Fold induction was calculated by dividing 
treatment values by unstimulated promoter activity. 

Gel Mobility Shift Assays 

Nuclear proteins were extracted from suspensions of primary 
hepatocytes by hypotonic/detergent lysis (24). Soluble nu- 
clear protein was assayed by Coomassie blue G-250 (Bio- 
Rad Protein Assay, Hercules, CA) for protein concentration 
and frozen at -70 C until use. Gel mobility shift assays were 
performed as previously described (19-21, 52) using 20 m-9 
nuclear protein incubated with 2 x 10 4 cpm of duplex oligo- 
nucleotide (labeled by Klenow fill-in using [« 32 P]dATP) in 20 
ix\ containing 2 ^g polydeoxyinosinic-deoxycytidylic acid 
(polydl-dC). Competition was performed by the addition of 
excess nonradioactive double-stranded oligonucleotide 
competitor at the time of addition of radioactive probe. Se- 
quences of APRE WT and mutation oligonucleotides used in 
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DNA-binding and transfections assays are- 
APRE WT: 

5 ' -G ATCCAC AGTTGG G ATTTCCCAACCTGACC A-3 ' 

GTGTCAACCCTAAAGGGTTGGACTGGTCTAG 

APRE M6: 

5 ' -G ATCCACAGTTGTGATTTCACAACCTG ACCA-3 ' 

GTGTCAACACTAAAGTGTTGGACTGGTCTAG 

/ . 'RE M2: 

5 ' -GATCCACATGTTGGATTTCCGATACTGACCA-3 ' 

GTGTACAACCTAAAGGCTATGACTGGTCTAG 
Bold type indicates contact points for the NF-kB proteins, 
underlines indicate contact points for the C/EBP proteins 
(21, 53). 

For HepG2 nuclear extracts, antibody supershift assays 
were performed by adding 1 ^l of commercially available 
affinity-purified IgG (Santa Cruz Biotech) to the binding reac- 
tion. For rat liver nuclear extracts, for quantitative supershift- 
ir \ we found it necessary to first fractionate the APRE bind- 
it - complex on a DNA-cellulose column (Pharmacia). After 
incubation for 20 min on ice, the antibody-NF-k-B-DNA com- 
plexes were electrophoresed on a 6% native PAGE gel (24). 

Plasmid Construction 

APRE-LUC consists of the trimerized rat AGT APRE WT 
sequences ligated through BamHMBglW ends into the p59 rat 
A ?T minimal promoter driving the expression of the firefly 
i ;ferase reporter gene (1 9-21 , 51). Site-directed mutations 
of the AGT APRE within the context of the native AGT pro- 
moter (nucleotides -615 to -470) were produced by PCR 
amplification and overlap extension (PCR "SOE'Mng) and 
cloned upstream of the AGT promoter (1 9-21). The GAL4-Rel 
A expression vector was constructed using the eukaryotic 
expression vector pSG424 (28) that produces GAL4 (1-147) 
under control of the SV40 early region promoter/enhancer. 
Rel A(1-551) and Rel A(255-551) coding sequences were 
doned as BamHI -Xba 1 fragments into the pSG424 plasmid 
described (24). The UAS-LUC reporter plasmid was con- 
structed using tandem GAL4-binding sites ligated upstream 
of the -59 rat AGT minimal promoter (51). The UAS se- 
quences are (24): 
5'-GATCCCGGAGGACTGTCCTCCGCGGAGGACTGTCCTCCGA-3' 

G GCCTCCTG AC AG G AG GCG CCTCCTG AC AGG AG G CTCTAG 

All plasmids were prepared on Cesium-chloride gradients 
before transfection and their concentration determined spec- 
trophotometrically. 
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